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This document is the final report 
covering NASA Contract No. NAS 9-14185/ 
issued by NASA LBJ Space Center in 
Houston/ Texas. 

The scope of the contract was to 
design, construct, deliver, in- 
stall, and test one (1) three-axis 
dynamic motion simulator (DMS) , 
consisting of one (1) three-degree 
of freedom test table, one (1) 
control electronics system, and 
documentation, as required in the 
data requirements list (DRL) , 
which is a part of the NASA 
specification. 

The DMS system was designed, built, 
assembled, and tested by the 
Contraves-Goerz Corporation located 
in Pittsburgh, Pennsylvania. 


ThI inforiiniion conMined horoin ij beins ivtilJbl* piodeitV ol, »nd (onlm n«iPlis>i o(, CONTIlftVCS-GOEnZ CORPOflAl lON.SubiuliJtKol CONTRAVES AB, OEIIIIKOH flUlIRLE HOLriNB. Ittdnnoi bt 
Imfiillv Itpfbduced liunv foim nor diwuljoil lo any tliiid P.tly, imi iiwd for any puipoio otlioi Ilian lliii lor wlutli it hai been rnadt available to yoir, wnlioul the iincllic tvrillin conieiit of CDKTRAVtS<GOERZ COni’ORAIIOM. 
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The contract NAS9-14185 was issued 
to the Pecker Systems Division of 
Owens-Illinois, Inc., Pittsburgh, 
Pennsylvania by NASA LBJ Space 
Center, Houston, Texas, on June 
24, 1974. It then was executed 
on July 1, 1974. 

During the course of the contract, 
(in November 1974) Pecker Systems 
Division was acquired by Contraves- 
Goerz Corporation, Pittsburgh, 
Pennsylvania. Contraves-Goerz 
Corporation continued the con- 
tractual obligation and shipped, 
installed, and performed the final 
checkout at f^ASA JSC Houston, Texas, 


2.1 DETAILED EVENTS Engineering and design efforts were 

started immediately on receipt of 
the contract, followed by fabri- 
cation of the hardware. 

Assembly and preliminary testing 
were done in Pittsburgh, Pennsylvania, 
Shipment of the complete system 
occured on July 31, 1975. 

■Installation at the site in Houston, 
Texas was done in the week of 
August 4, 19 75, follov;ed by elec- 
trical systems . checkout and training 
which was performed during the 
two-week period from August 11 
through August 22, 1975. 

Final acceptance testing at NASA 
JSC, Houston, Texas, was performed 
during the period of September 29 
through October 9, 1975. 



2.0 , SIGNIFICANT 

CONCTRACTUAL EVENTS 
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3.0 


ACCOMPLISHED SCHEDULE 


3,1 SCHEDULE REQUIREMENTS The contractual schedule requirements 

• are listed below; 


A, Equipment 

Contraves-Goerz’ shall deliver 
the three axis DMS within 
twelve (12) months after date 
of receipt of a signed copy 
of this contract, 

B. Installation and Checkout 

Contraves-Goerz shall supervise 
the installation and checkout 
of the three axis DMS immediately 
upon delivery and complete the 
installation and checkout 
within fifteen (15) days after 
delivery of the DMS, 

C, Final Acceptance Tests 

Final acceptance testing shall 
be performed at JSC. They 
shall be completed within a 
continuous two-week period as 
soon as possible, but no later 
than 45 days after installation 
and checkout, Contraves-Goerz 
shall allow forty-five (45) 
days from completion of in- 
stallation for the Government 
representative to make final 
acceptance. 

D. Documentation 

Contraves-Goerz shall deliver 
all documentation, in accordance 
with the Data Requirements List 
(DRL) , which is an attachment 
to the Statement of Work. 


Th. ialor„„Iinn com.ined h.,.in fi b.in, .n.d. tl.. pr.p..ty fpr lb. purpp.., Pf^CONTnAVES-GOEnZ CORPOHAIlON, Spb.irti.cy Pi^K-TnAVES AG, 
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3.2 BARCHART OF 

ACCOMPLI SHFD SCHEDULE 


^Figures 1 and 2 show the accomplished 
schedules during the contract 
period. They also show pertient 
dates for various special events, 
such as design reviews, critical 
design reviews, etc. 
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3,3 . C0I4MENTS CONCERNING 

ACCOMPLISHED SCHEDULE 


The contract required a delivery 
of twelve (12) months for the 
equipment. A total of thirteen 
(13) months were required to design, 
build, and checkout the equipment. 

Major problems causing a delay in 
delivery occured during the design 
phase. Frequent computer break- 
downs during the structural analysis 
of the mechanical system caused 
some delay in releasing manufacturing 
information. In addition, the 
procurement of large cast structures 
required longer lead-times than 
normal, because of a work over- 
load in the pattern-making industry. 
Otherwise, most of the subcon- 
tractor and vendor items were 
received as scheduled in the PERT- 
chart submitted during the pre- 
contract phase. 


Til# Jnformationctmtiiit^d btrain (iheinj mmle available «tb»pfojitfiy ot.enil iijf Ibe purpoioi of, C0NTIiAV£S-00ER2 CORPORA! lON.Subitdiery of CO NT RAVES AG, QCRCfKQN*8UHRlE HOLDING. H cannoi be 
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4.0 , LIST OP DOCUMENTATION 

PROVIDED UNDER THIS 
CONTRACT 


The documentation provided to 
NASA JSC, during and at the end 
of the contract NAS9-14185 is 
itemized below. 


4 . 1 MONTHLY TECHNICAL 

PROGRESS REPORTS 


A total of twelve (12) progress 
reports were submitted under this 
contract. Progress report No. 1 
was issued on August 12, 1975 and 
progress report No. 12 on July 18, 
1975. The reports are numbered 
F (3)“997~023-022-2496-l through 
- 12 . 


4.2 PHASE/MILESTONE 

CHART 


A phase/milestone chart in the form 
of a PERT chart was prepared and 
updated monthly and submitted as 
part of the Technical Progress 
Reports (refer to Section 4.1). 


4.3 ACCEPTANCE TEST PLAN An acceptance test plan, document 

number TP-3512, was submitted to 
NASA JSC for review. 


Two (2) design analysis reports 
• (one mechanical and one electrical) 
were prepared and submitted at 
the critical design review (CDR) 
meetings, held at NASA JSC, Houston, 
Texas’. The file number for the 
mechanical design report is 
F (7) -997-023-022-2539, and for the 
electrical design report is TR-3513. 


4.5 MANUALS 


A maintenance and operation manual 
was prepared by Contraves-Goerz 
Corporation. The final issue is 
being submitted with this report. 

The file number is IM- 3,557. 

Ttic inforinMion coniiimjd herein ii being meile inatlehle esUie piojieilv-Dl.enri Inr Uie pnrpmeibl, CONtnAVES-GOEnZ CORPOnAliON.fliibiUIiciy of COHTRAVES AG* OEflMKOM-BUlHUE HOLDJNG. tl cannot he 
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4,5.1 MAINTENANCE AND 

OPERATION MANUALS 


4.4 DESIGN ANALYSIS 
REPORT 






4,5.2 VENDOR MANUALS Vendor manuals for the following 

equipment are provided under this 
contract; 

A) Rockland Synthesizer Model 5100 

B) Exact Oscillator Model 605 

C) Exact Oscillator Model 337 

D) Compunetics CIE Electronics 
Model 4490 


4.6 DESIGN DOCUMENTATION 


4.6’.l DESIGN DOCUMENTATION, Certain preliminary design docu- 

PRELIMINARY mentation (drawings), was sub- 

mitted at the mechanical and elec- 
trical critical design review 
meetings, held at NASA JSC in 
Houston, Texas, 


4,6.2 DESIGN DOCUMENTATION, Tables la and lb list the final 
FINAL - and updated drawings and parts 

lists xvhich are supplied under 
this contract. Mechanical and 
electrical drawings are listed 
separately. 
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5 . 0 TEST RESULTS 


5.1 PRELIMINARY TEST Preliminary results of tests performed 

RESULTS at the Contraves-Goerz plant in 

Pittsburgh, Pennsylvania were 
submitted previously (in September 
1975) under document number TP-3512A. 


^•2 FINAL TEST Final results of the tests per- 

RESULTS formed at the installation site at 

NASA JSC in Houston, Texas, are 
submitted as a separate item per 
the Data Requirement List (DRL) 
and are included in this final 
report as Appendix A. 
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6.0 .RECOMMENDATIONS 


6.1 SLIP RINGS ON The use of slip rings instead of 

OUTER AXIS a cable wrapper on the outer axis 

would improve the system with 
regard to an unlimited rotation 
angle in both the clockwise and 
counter-clockwise directions. 
However, the noise level and 
cross talk problems may increase 
somewhat. 


6 . 2 COMPUTER INTERFACE 

EQUIPMENT 


6.2.1 GENERAL In any new design of similar equip- 

ment, a different approach to the 
interface should be considered. 


The suggested approach would be to 
use a mini-computer to perform the 
function of the CIE interface. In 
this scheme the minicomputer woul a 
be used to process all data which 
would be used external to the system. 
This means that all number conversions 
would be accomplished via the mini- 
computer. Other functions such as 
precision acceleration to a rate and 
precision rate to a position could be 
handled by software. Also variable 
position bias could be calculated by 
the mini-computer to allow the user 
access to adjust the zero of the 
readout and command. Also, the rate 
readout could be calculated by the 
mini-computer to determine the rate 
by a 100-point best straight line fit 
to position giving better confidence 
in the measured rate. 
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The I/O required for the SEL-86 
and an HP2100 could be via I/O 
slots in the mini -computer or may 
be by DMA access to the memory for 
a faster data transfer rate. The 
block diagram of the system would 
be as shown below. 



Modification of the present hard- 
ware is discussed in Section 6.2.2 
and 6.2.3. 


2.2 ADD DEDICATED HP 2 100 
TO PRESENT SYSTEM 
USING CIE 


The addition of a dedicated HP2100 
to the system would allow higher 
order functions to be executed 
using a HP2100 as the system con- 
troller. One specific function 
would be a profiled rate to a 
position. This would be done by 
using: the HP21Q0 to change rates 
on a time base interrupt and use 
the axis position readout as a 
.feedback element. In this manner, 
dontrolled accelerations and decel- 
erations could be accomplished with 
the computer determining when to 
begin deceleration so that the axis 
will smoothly stop at the final 
position. A simplified flow diagram 




T»Te American Subsidiary of Contraves AG, Oerlikon-BUhrle Holding 







R-3599 



is shown in Figure 1. This does 
not show any sub-routine required 
for converting the calculated posi- 
tion to a nuinber less than 360.0 
degrees , 

As another option, the HP2100 
could be used to bias any coirunand or 
readout position to allow arbitrary 
zero position of the axis. Another 
possibility is to allow the HP2100 
to do the special formatting required 
and, thus, minimize the SEL pro- 
gramming requirement. 


6. 2. 2. 2.1 IMPLEMENTATION To implement the dedicated HP2100, 

the following format could be used. 


DMS 


Sru 


CIE 


HReioo;^ 



^ HP2100 


for fast 
optional 
data, 
return 
to SEL. 



The HP2100 is connected to the SEL 
input because the HP2100 would be 
commanding and reading data from 
the CIE. The SEL connection to 
the CIE could be used for fast 
data reading Only. Any commanding 
would be done via the HP2100. The 
SEL connection to the CIE could be 
eliminated by receiving its data 
from the HP2100. This would be 
slower. To read data via the HP2 100, 
the SEL could interrupt the HP 2 100, 
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Figure 1, Flow Diagram of ^ / 
Controlled Rate and Aooeleratlon to Position 
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When the data had been read by 
the HP2100 via the CIE, the SEL 
could either wait for the HP2100 
to I/O the data, or a DMA channel 
may be used. SEL data reading 
via the HP 2 100 would reduce the 
I/O requirements of the SEL. 
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6.2.3 MODIFY PRESENT EQUIPMENT 
TO ELIMINATE CIE 


6.2, 3.1 GENERAL If it is desired to interface the 

HP 2 100 computer directly to the 
system without the use of the GIE 
chassis, it may be done via the 
standard bus matrix with the 
exception of the following 
functions. The rate data to the 
Rockland synthesizers, the accelera- 
tion command, the acceleration 
readout, the Earth rate correction, 
the angular oscillation frequency, 
cind the status are not available 
to the bus. What is available is 
the modes, position command, position 

readout, and rate readout (Section 

6. 2. 3. 3). Separate I/O slots would be 
required for all the functions in- 
dicated by in the bus address column 

This is equivalent to three (3) , 

16-bit input channels and thirteen 
(13) , 16 -bit output channels in 
' addition to one input and two output 

• required for bus interface. A 

standard HP2100 has 10 I/O slots iso 
an I/O extender or special interface 
logic Wouldi be required for bus 
interface. A single ended computer 
interface logic tray would be 
required. This tray is made by 
Contraves-Goerz and is described 
.in Section 7 of the instruction 
manual, IM-3557 . 

The attached bus matrix block dia- 
gram (Figure 2) shows how the system 
would be interconnected if the bus 
matrix were extended to cover the 
other functions not now encoded. 
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1 VJord 


4 VJords 
Serial 


4 Words 
Serial 

4 Words 
Serial 

1 Word 

1 Word 
1 VJord 


1 Word 


1 Word 


1 Word 


Figure 2, Bus Matrix Block Diagram 
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Probably the best way to extend 
the bus would be to create 
another identical buJ driven from 
the standard bus matrix. This 
would change all the functions 
not available on the bus now from 
position true Iqg^ic to the ground 
true logic required for the bus. 

Also, this tray could contain the 
multiplexer functions and the 
address decoding which would allow 
the addition of a single chassis 
containing the modification bus 
extension logic. All existing 
cables would then be plugged into 
this chassis. Using this method, 
the eiE electronics would be dis- 
connected and a dedicated HP2100 
would be used for the system. To 
interface the SEL to the system, 
it would be connected via the HP2100 
and optical isolators would have to 
be made compatible to the HP 2 100 -SEL 
interface. With this scheme the 
HP2100 would accomplish any formatting 
changes such as data packing and 
unpacking and binary to BCD, BCD to 
binary conversions The actual 
data transfer to the SEL could occur 
via an interrupt to an HP2100 I/O 
slot or could be via a DMA channel 
in the HP 2 100 with the HP 2 100 manipu- 
lating the SEL data before it is used. 
The use of a dedicated HP2100 allows 
possible programmed functions to 
the DMS such as positioning at a rate 
and/or controlled acceleration via 
rate profile generation. In this 
scheme, the HP2100 would monitor the 
actual position and modify the 
commanded position or rate as a 
function of the actual position or 
time. 
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6 . 2 . 3 . 2 CHANGES REQUIRED 


A) Data Changes 

1) Data format would be BCD. 

2) One 16 -bit word per address 
transferred. 

3) TWO 16 -bit I/O slots would be 
required (one for address, one 
for data in and out transfers). 

B) Functional Changes 

1) Only one remote local switch 
controls all axes. 

2) Rate generators (Rockland) would 
have to be rewired to accept 
multiple word input. 

3) Rate and acceleration thumbwheels 
would have to be wired to be 
entered on the bus in proper 
format. 

4) All address decoding would have 
to be generated. 

5) Bus requested data ready would 
have to be made for the accelera- 
tion readout* 

6) All data to the non -bus compati- 
ble functions would have to be 
made ground true, 

7) Ihterface tray for bus to com- 
puter would have to be added 
to prevent manual and remote 
access at the same time. 

8) Rate sign storage must be 

implemented. ; 

9) Address must be assigned for 
the undefined ;f unctions. 

10) Zero reference pulse would have 
to be changed to an interrupt 
function. 
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1.3^3 PRESENT DATA FUNCTIONS 


INCOMING DATA (FSDMS TO DMS I/O TO CIE CONTROL) 


CATEGORY 

DATA 

RANGE 

TYPE 

PARALLEL 

WIDTH 

(BITS) 




I" ' 




Bus Adr 

AXIS 1 (INNER) 








Position 

000.0000 

to 

359.9999 

BCD 

Integer 

10 

10 






Fraction 

16 

11 

Rate 

±180.000 



BCD 

Integer 

9 

30 






Sign 

1 

30 






Fraction 

12 

31 

Zero Reference 






1 

* 

AXIS 2 (OUTER) 





. 



Position 

000.000 

to 

359.9999 

BCD 

Integer 

10 

14 






Fraction 

16 

15 

Rate 

±60.000 



BCD 

Integer 

7 

34 






Sign 

1 

34 






Fraction 

12 

34 

Zero Reference 






1 

* 


AXIS 3 (MIDDLE) 


Position 

000.000 to 359.999 

BCD 

Integer 

10 

12 




Fraction 

16 

13 

Rate 

±120.000 

BCD 

Integer 

9 

32 




Sign 

1 

32 




Fraction 

12 

33 

Zero Reference 




1 

* 

Acceleration 

±40.00 

BCD 

Integer 

7 

- 




Sign 

1 





Fraction 

8 

— 

FSDMS STATUS 


BIN 


16 

- 


^Available via interrupt with a modification to position readout tray. 
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OUTGOING DATA (CIE CONTROL TO DMS I/O TO FSDMS) j 

1 

s 

i 

i, 

DATA RANGE ' TYPE PARALLEL WIDTH (BITS) ! 

Bus Adr. t 


AXIS 1 (INNER) 


Position 

000.0000 to 359.9999 

BCD 

Integer 

10 

10 




Fraction 

16 

11 

Rate 

±180.0000 

BCD 

Integer 

9 

- 




Sign 

1 

— 




Fraction 

12 

•• 

Earth Rate 

0000 to 9999 

BCD 

1 

Integer 

16 

- 

Correction 






Acceleration 

0000 to 9999 

BCD 

Integer 

16 

- 


AXIS 2 (OUTER) 


Position 

000.0000 to 359.9999 

BCD 

Integer 

10 

. 14 




Fraction 

16 

15 

Rate 

±60.000 

BCD 

Integer' 

7 

- 




Sign 

1 



* 


i Fraction 

12 

** 

Earth Pvate 

0000 to 9999 

BCD 

Integer 

16 

- 

Correction 






Acceleration 

000 to 9999 

BCD 

Integer 

16 

- 


AXIS 3 (MIDDLE) 


Position 

000.0000 to 359.9999 

BCD 

Integer 

10 

12 




Fraction 

16 

13 

Rate 

±120.000 

BCD 

Integer 

9 

- 




Sign 

1 


. ^ 

cf 


Fraction 

12 


Earth Rate 

0000 to 9999 

BCD 

Integer 

16 

- 

Correction 






Acceleration 

±40.00 

BCD 

Integer 

7 

- 




Sign 

8 





Fraction 

8 
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CATEGORY 

DATA RANGE 

TYPE 

PARALLEL 

WIDTH 

(BITS) 






Bus Adr. 

ANGULAR 






Integer 

000 to 999 

BCD 

Integer 

12 

- 

Range 

6 Ranges 

BIN 

Integer 

4 

- 

CIE STATUS 


BIN 


16 

01,03,05** 


(Modes) 


**Separated into three words on bus. 
- Not connected to bus. 
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6.3 ADDITION OF A 

POSITION INDEX MODE 


R-3599 


i 


I 


i 

X 

I 

i 

t 

I 

I 

f 


6.3.1 GENERAL This is an option often used to 

generate positioning at a rate. 

This tray takes position increment 
pulses from the rate generator and 
accumulates them forming an accumu- 
lated change in position. If an 
index command of 45.0000 degrees is 
commanded and index mode is selected, 
the position increment pulses (from 
r the rate generator with the frequency 

of these pulses forming the rate) will 
be: gated through into the position 
command tray until 450000 pulses have 
been accumulated. At this time no 
. more pulses are allowed through. 

This method of positioning forms 
a ;rate step from 0 to the set rate 
abd return to zero at the beginning 
an|d ending of the interval. This 
means only the rates which allow the 
axis to stop within less than 0.5 
degree position movements may be used. 
•The actual maximum rate which the posi- 
tion index will work is dependent on 
the acceleration capability of each 
' akis. Normally, this is around 15 
• degrees per second or less. Using 

the equations .below. 

P i= ^at^ , 2P = ^ 

d 


if P =0.5 


1 = t 
a 


a 




So maximum rate for any axis equals 


limit 


Th. lM.rm.ti.. ton<.!n.d h«.i« U .Uh. P-op..t* at, .rd ia, ,h. purpo... oli CONTR AVES-GOERZ CO^RPORM (ON. Sub,idi.,y ol CONTRAVES AG, OtnllKON-B^ 

l«t«lM.Mr<l.c.d i. .r,, lorn, 00. divalH «. .OV third P.r.v, no, or.d lor .oV porpPt. o.h.. t|..n th.l (at which i, h.. b.corn.d. .v.rt.1.1. to you. withoo. th. .p.c.l,c wn.t.n coni.o. of dONTIIAVES COEnZ QRATION. 


The American Subsidiary of Contiaves AG, Oerlikon-BUhrle Holding 


6-13 



R-3599 



For low rates (multiple Earth rates) 
this is a satisfactory method of 
getting from one position to the 
next at precision rates. 

Two other functions are available 
with the position index options; a 
variable dwell time at position. 

With this option, automated index 
testing is available. The axis will 
rate to the first position and dwell 
at the position for a preset time 
interval. When the time interval 
has expired the axis will index (move 
the preset position delta) and wait 
again. A cycle complete counter is 
available to halt the indexing after 
a preset number of cycles are complete 
A flow diagram of the function is 
presented in Figure 3 and the speci- 
fications for the function are pre- 
sented in Table 3. 
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£ 


INCREMENT 
DWELL AT 
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Y OPTIONAL 



INCREMENT 
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Figure 3, Position Index Flow Diagram 
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TABLE 3 

POSITION INDEX GENERATOR SPECIFICATIONS 

000.0000 degree to 999.9999 degrees 

Resolution 0.0001 degree 

Maximum Index Frequency — 1 MHz 

Dwell Resolution * 0.01 min. 

Dwell Range* 00.00 to 99.99 degrees 

Cycles Range'" 00 to 99 degrees 

PQgj_-{;ion Data Input — • BCD via th.e Standard Bus Matrix 
Dwell and Cycles* Manual thumbwheel 



Range 


*Optional functions not required. 
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6.3.2 ADDITION TO To add this option to the present 

PRESENT SYSTEM system vrould require the addition 

of a chassis and modification to 
the enter switches on the Station 
Control chassis. Access to the 
position index mode would be man- 
ual only since no compatible data 
slots are available through the 
CIE interface. The position index 
tray would be located between the 
rate generator and the command 
chassis rate input. An additional 
mode buffer would be required to 
store the position index mode. 
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.1 


6, 4 


COMPUTER ACCESS TO 
SYSTEM TEST FUNCTION 


.1 


6.4.1 


GENERAL 


,1 



i 

f 

J 



i' 

m 

P 

I 


6.4.2 MODIFY PRESENT 
EQUIPMENT 


\ 

i 

"S 

.1 


The system test is designed as a 
manual check of the integrity of 
the command and readout logic. 

It is used simultaneously on all 
three axes and simulates axis 
motion with the torquer off. It is 
not intended that switching between 
normal and system test be accomplished 
during the use of the DMS for axis 
motion. Since the axis servo is 
dependent on the data in the command 
trays ^ any modification of this 
data will cause an axis motion unless 
the axis torquers are off. Keeping 
the system test function at manual 
operation minimizes the possibility 
of the computer reading system test 
data instead of actual axis position. 
The procedure for adding computer 
control of system test to the pre- 
sent system is described in Section 
6.4.2. 


This is the suggested method for 
adding computer control of the 
system test mode. It uses the 
acceleration axis 1 word from the 
CIE chassis. This word v;as not 
used in the original system. The 
change requires the addition of 
the circuitry shown on interface 
tray to the CIE schematic (drawing 
701007) . This must be wire wrapped 
in the tray which is in the Station 
Control chassis. I/O is done by 
14-pin headers plugged in the tray. 
The test switches in the readout 
chassis require rewiring and adding 



Tht infofOi»tion conlilnid hci«in iifaiinij mid* aviilibl* it Ihiproportv ol.ind tor thi pufpnitri of, CONTRAVES-GOtRZ CORPORA! ION, Subtidiirv of CO NT RAVES AC, OERLIKON 6UHRLE HOl OiNG. M cinnol bi 
liwfirtly ripioducid ImiiV form nor diyuiftftd to iny third Pirty, nor uicd for inypuipoii othir thin tint for which it hit biiii niideiviilili!i to yoii^willfout (hi tpeofic wriilinconiint of CONTRAVES-COERZ COnPOnATfON 
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a connector to the rear of the 
readout chassis (drawing 701005) . 
Also required are assembly of 
two cables for bringing signals 
from the CIE to the interface and 
bringing the switches in the Readout 
chassis to the Station Control 
chassis. 


6. 4. 2.1 DATA FORMAT Data for the remote test are sent 

to address 34 octal which has been 
defined as acceleration word for 
Axis 1 in the CIE documents. 


DATA 

S 

i 

LSB+3 

LSB+2 

LSB+1 

LSB 

FUNCTION 

0 0 0 0 

Normal Readout 

0 0 11 

System Test 

0 10 1 

Readout Test, 0 

10 0 1 

Readout Test, 90 


Other bit arrangements' ara not 
allowable. 

Remote system test is available 
only when all axes remote/local 
switches are in remote. 


TOt lnf<.rm..ion h«iin i. btin, .n.d. ...ll.hl. pfop.rtv o(..nd lor Iht prirpoio. ol. C0NTHAVES-00EB2 CORPORAIiON, SulMidl-y of CONTRAVES AO. 
liwtullv loproducod inoiiy form nor divul(«d (o my iRird Potty, nor uiid tor iny putpoii oihir ihtn thol (or which it h« tun midt ivoiloblo to you, without tin ipidlie wiitnii comint ol CONTRAVES-GDERZ CORPa nATIDK 
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6. 4. 2. 2 PARTS REQUIRED 


QTY NBR ITEM MFG 


■ 

SN 74158 

Integrated Circuit 

TI or EQ 

■ 

MlOS-Lj^N 

Connector J-23 

Winchester 

■ 

M10P-LSH19C 

Connector B1-P23 

Winchester 

AR 


22 Avg Wire 




Connector supplied 
with system, Items 
84-86 on PL701018- 

Amphenol 

2 


14-pin headers simi- 
lar to Augat 614-CGl. 

/ 


Till inlormilian contiintd hixln litalng madt ivallibitai tha piopaity ol.and tor lha piifpotat p|, CONTRAVES-GDERZ C0RI>0KA1(0N.Subaidiarv ol CONTRAVES AG, DERLIKON-BUHRLE H0l0lNC.ll cannpt ba 
lawfully tapioducad In any loiin not diynlged 10 any thiid Patty, not uiad lot any puipoia otliei than Ibat lot which it has baon made availabla to ynu, withnuUlto lpacilicwiitianconiant 01 CONTRAVES-GOERZ CORPORATION, 
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6.4.2. 3 CABLE BETWEEN READOUT CHASSIS AND STATION CONTROL 


B1-P23 


B2-1-6-46 



Test 

System 

Readout, 

Readout, 

GND 


Wiitchester 14-pin header 

K10P-LSH19C 


0 

90 
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6. 4. 2. 4 CABLE CIE TO STATION CONTROL 


C3-P6 B2-1-6-56 



LSB 

LSB+1 

LSB+2 

LSB+3 


test 

system test 
readout test, 0 
readout test, 90 



To activate test set Bit 1 and only 1 of Bits 2, 3, oir 4, 
For Axis 1 acceleration adr = 11100 - 34^. 


Tht inloimnlon conl.lnai) h..iin ii b*tag mide .v.lUblt li tbi piopiiiy ol.inil lot Ih. piitpowi ol. CONTBAVES-GOERZ CORPORAIlON. Subildliiiv ol CONTRAVES AC. 
liwlully i.ptodo«dlninvloimnordjviil9.d to itty thitd r.iiy, not Uifd lot toy imii.o.8 othtt thonlliil lorwhitli il b.i booiuntde iv.iljblHoyou, wiihouuh.ipKilic wriltiricon.ii.1 ol CONTRAVES-GOERdCQRfUHA ituN. 
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APPENDIX A 

TEST PLAN FOR A THREE-AXIS 
DYNAMIC MOTION SIMULATOR 
MODEL :i67-0050 





TEST PLAN FOR A THREE AXIS 
DYNAtllC MOTION SIMULATOR 

TP-3512B 


NOTE 

This plan contains FINAL Acceptance 
Test Data taken at the NASA JSC 
Installation site in Houston, Texas. 
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J TEST PLAN FOR A THREE AXIS 

^ • DYNAMIC MOTION SIMULATOR 

^ MODEL 267-05Q0 

! 

FINAL ACCEPTANCE TEST DATA 

j 

\ 

I 

1 TP-3512B 

I 

f December 1, 1975 



Prepared for: 

NASA/LYNDON B. JOHNSON SPACE CENTER 


Th. Tnlormallon coauirid h...In i. b.ing m.d. .y.ll.t.1. » tK. prop.My .(..nd (ofth. pmpo... of, CONTRAVES-GOEBZ CORPORAIlON. Sub.ldlKV of CONTflAVES AG. 
divu.,«d ,0 .oy .bl,d E«,v. no, u..d fo, .oy pp,po« O.E., 
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INTRODUCTION 



This acceptance test plan is 
divided into two sections/ 

Mechanical Tests and Electrical 
Tests. Most mechanical tests 
were performed during assembly 
and the electrical tests after 
assembly. 

1 

Several manufacturing processes 
and tolerances have been specified 
for the production of the hardware. 
These manufacturing tolerances and 
processes are indicated on the 
manufacturing drawings and reguired 
in-process quality control checks 
and reports. These checks arb not 
included in this test procedure. 

Also, installation information for 
the Dynamic Motion Simulator (DMS) 
such as leveling and azimuth (north) 
alignment of the outer axis and 
axis alignment are not contained in 
this test plan. These tasks appear 
in the ''Installation" section of 
the maintenance and operation 
manual for the DMS System. 

All electrical tests were repeated 
•at the NASA JSC installation site. 
At the discretion of the NASA JSC 
technical monitor no mechanical 
tests were repeated except for 
axis wobble (Item 3.3.1) . Data 
sheets and procedures for fhe 
tests not completed are included 
without any data. The data from 
the in-plant acceptance test have 
been delivered to the technical 
monitor. 


Data from the clamp orientation 
sensitivity portion of the test 
(Item 3.8b) are not included. 
This test was rewritten with 
agreement from the technical 
monitor and the data were to be 
taken by JSC personnel. 
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The outer axis position mode did ' 
not meet the rate sensitivity test 
at NASA JSC. Since this test was 
passed when performed at the 
Contraves-Goerz facility, the 
problem appears to be an un- 
balance of the inner and middle 
gimbals. Per our tele con agreement, 
nAsa will fine balance the system 
and rerun the orientation sensi- 
tivity tests in accordance with 
Paragraph 3.8b. The data may then 
be recorded by NASA. 


•nitiMorm.lion eontiintd hwln li biin, midi ivillibli n Ihi ptopittv ot. ind (of thi potpoiii o(, CONTRAVES-COEHZ CORPORA! ION 
ImiIuIIy mproducid in in/ (oiro no( divuljid lo iny ihiid Pirly, nor uiid lot inv PUf poii ofhif thin tbit for which it hit bun midi iwoilibli to 


.Sobiidlity ol CONTRAVES AG, OERUKON BUHRIE HOLDING. It cinnot bl 
you, without thi tpicific wrlttin coniint of CONTRAVES-GOtnZ CORPORATION. 
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FOUNDATION AND 

ENVIRONMENTAL 

CONDITIONS 



2.0 


The test table was mounted on a 
seismic block for all of the test 
procedures contained herein. All 
theodolites, autocollimators, and 
mirrors were mounted on the same 
seismic block. 

! 

The DMS (table and control system) 
wa’s tested and operated within 
the specified tolerances and 
accuracies when exposed to a; 
laboratory environment of 72 degrees 
F ±5 degrees F and at a relative 
humidity of up to 50 percent. 
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3.1 SCHEDULING OF TESTS All the tests were scheduled and 

performed at the discretion of 
the mechanical assembly 
department. 


3.2 IN-PROCESS TESTS .The following tests are In-Process 

Tests,, i.e., they were performed 
during the mechanical assembly of 
the Dynamic Motion Simulator (DMS) . 
In-Process Tests are advised where 
testing becomes much more difficult 
after the incorporation of all the 
components and wiring is completed, 
or where the outcome of the final 
testing must be predictable. 

These testa were performed under 
supervision of a governmejnt inspector 
Two (2) tests— the intersection of 
the three axes and the non-ortho- 
gonality of consecutive axes tests — 
were performed during mechanical 
' . assembly. The axes wobble tests 

were performed as In-Process and 
were repeated as "Final Tests" 

■ after complete assembly of the 
DMS. The "brake stiffness" tests 
were repeated but these tests 
appear under Section 4.0 Electrical 
Test’ Plan using the electronic 
controls for the tests. 


Tb. lnto,n..!ion coouintd i. b.ln, m.d. .w.iUbl. .< tb. p.op.fty pl. .pd lor «b. pp,pp«,pt. COHTRAVES-GOEnZ COnPOHAI lON, Sub,idl.r» ol CONTRAVES AG, V?cnNTHAi« 
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g CONTRAVES - GOERZ, CORP. 

. SUBSIDIARY 

'4 CONTRAVSS AO. OERLIKON-bUhRUC HOLDINO 


err!, err. r— 


IN-PROCESS 


CUSTOMER : NASA /Hous ton 
SALES ORDER: ^97 

INSTRUMENT : 


TEST PL2\N 


SPEC 

PARAGRAPH 


ITEM 


SPECIFICATION 


Intersec- All 3 axes must 
tion of all intersect within 
three (3) a sphere of 0.020 
axes. inch radius (=0.0 4( 

inch diameter) . 


TESTED BY 


METHOD OF 
VERIFICATION 


Install a 
crosshair 
reticle to 
the inner 
axis plat- 
form at the . 
intersection 
of the three 
(3) axes. 
Perform test 
per 

STP-M-226:7 


TEST PARAMETER 


RESULTS 


WITNESSED BY 
(GOERZ) 



WITNESSED BY 
(CUSTOMER) 















CONTRAVES - GOERZ. CORP. 

SUBSIOIARY 

CONTRAVES AO, OCRLIKON^bUkRCE HOUOINO 


IN-PROCESS 
TEST PLAN 


CUSTOMER : NASA/Houston 

SALES ORDER : 9 9 7 ~ ' 

INSTRUMENT: 



3.3.1 
(Table i: 


SPECIFICATION 


Non-ortho- The nonorthogonalit-' 
gonality of two consecutive 

of conse- axes must not ex- 

cutive ceed + 2.0 arc sec- 

axes. ends. 


METHOD OF 
VERIFICATION 


' Load inner 
axis plat- 
form with 
dummy pack- 
ages having 
a total wt. 
of 250 lbs. 
Using the 
optical cube 
at the axes j 
intersection 
perform 
tests per j 
STP-M-213 


TEST PARAMETER 


RESULTS 



Middle axis 

to 

Outer axis 


= 

i 


TESTED BY 


WITNESSED BY 
(GOERZ) 


WIT-NESSED BY 
(CUSTOMER) 
















Axis Wobble Axis Wobble must Load Inner 
(Inner Axis) not exceed ±2.0 arc Axis Platfoi 


(Middle seconds 
Axis) (Outer] 

Axis) 



with dummy 
packages 
having a to- 
tal weight of 
250 lbs. 

Using optical 
cube at axes 
intersection, 
check wobble 
per STP-M- 
20 lA. Inner 
& Middle Axes 
Check wobble 
with axis 
horizontal 
and at +45 
degree atti- 
tudes^ also 
Inner axis in| 
a vertical ! 
position, and 
middle gimbal 
orthogonal to 
outer’ gimbal. 


TESTED BY 


WITNESSED 

(GOERZ) 






CUSTOMJSR : NASA/Houston 

SZ\LES ORDER: K0 09 9 7 

INSTRUMENT : 


TEST PARAMETER 



-WITNESSED BY 
(CUSTOMER) 









Li^^^CONTRAVES-GOERZ. CORP. 

„ ::j-U . SUB8IDJARY 

\ • ,J CONTBAVES AO, OSRLIKON.sUhBILE HOLDINO 


i.: SPEC 



1 PARAGRAPH 

ITEM 

SPECIFICATION 

[ 3.8b 

Brakes (in- 

Stiffness require- 

f 

process 

fnents (calculated) 

[i. ■ 

i; . 

f'. / 

! : , 

test of 
stiffness 
to meet 

Inner Axis 

^2 . 6 f tlbs/^c 

|r, ; ■ 

rate and 

Middle Axis 


accelera- 

>8 ftlbs/s^ 

{ 

\ 

1" ’ 
i .■ 

S- ■ 

[■ 

tion sensi- 
tivity) 

Outer Axis 

^8 ftlbs/s^ 

i; 

K- 

j; ■ 

— 

• 


DATE 


TESTED BY 


IN-PROCESS 
TEST PLAN 


CUSTOMER; NASA/Houston 

SALES ORDER; 997 

INSTRUMENT : 


METHOD OF 
VERIFICATION 


TEST PARAMETER 


RESULTS 


Measure the 
angular rota- 
tion V7ith the 
^optical cube 
'at the axes 
intersection' 
and an auto- 
collimator 
ander the 
following tor-’ 
jues on the 




J 


( 


Bxes : 


Enner Axis 
L3 ft-lbs 

middle Axis 
iO ft-lbs. 


Outer Axis 
40 ft-lbs 

Calculate 

rotational 

stiffness. 


WITNESSED BY 
(GOERZ) 


WITNESSED BY 
(CUSTOMER) 








fitti t* 


3.3 FINAL TESTS 


The following section contains 
the final tests, i.e., they 
performed after complete assembly 
and wiring of the DMS. 

These tests can be ppeated as 
often as required without any 
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COnPOfiATION 





iTible I) 


?vxis V7obble 
(Inner Axis 
(Middle ‘ 
Axis) (Outer 
Axis) 


Axis Wobble must 
|)not exceed +2.0 arc 
seconds 



Load Inner 
Axis Platfonr 
with dummy 
packages 
having a to- 
tal weight of] 
250 lbs. 

Using opticalj 
cube at axes 
intersection, 
check wobble 
per STP-M- 
20 lA. Inner 
& Middle Axes 
Check v7obble 
with axis 
horizontal 
and at ±45 
degree atti- 
tudes; also^ 
inner axis in 
a vertical 
position and 
middle gimbal 
orthogonal to 
outer gimbal. 


At final acceptance testing "^se 
position loop to statically hold 
gimbal, and use rate loop to^ 
drive gimbal under test. 
shall be 1 deg/sec for one (1) 
test each axis and 10 deg/sec 
for remaining tests. 


5ee data plots 
attached. 

» 

highest wobble - 
reading: , 

arc si 






J 


- , , lii ■ 

/fyyj : 

J= dz 0<30 sraz- 


f^C^u/ex ^'sj \ 
Se^ (b)~ 



















































CONTRAVES - GOERZ, CORP. 

ouBOiDiAnr 

CONTRAVI* AOt OtRLIKON^BUHRLE HOLDING 


TEST PLM 


CUSTOMER : NASA/Houston 
SALES ORDER: 997 
INSTRUMENT : 


ITEM 


SPECIFICATION 



METHOD OF 
VERIFICATION 


Completely 
assemble 
each axis. 


Measure 
friction 
torques per' 
STP--M-2268 


TEST PARAMETER . 


Measure friction torques in^a 
horizontal and vertical attitude 
of the Inner and Middle gimbals. 


RESULTS 


WITNESSED BY 
(GOERZ) 


V7ITNESSED BY 
(CUSTOMER) 








{««K«>I 

t >H ^Hti,W {.» , ' ^ 

^ CONTRHVES - GOERZ, CORP. 

SUBSIDIARY 

CONTRAVE8 AO. O ERLI KON - B U M RLB HOUDINO 


^'fi^tiHli |i.'li>ii~«liwiiil ' fir i igitff wii T i ^ fimummtm 

. . ...,..’ 


TEST PLAN 


CUSTOMER; -NAS A /Hous t on 

SALES ORDER: 99 7 

INSTRUMENT : 



ITEM 


SPECIFICATION 


METHOD OF 
VERIFICATION 


TEST PARAMETER 


3 . 3.1 Rotational Inner and Middle 

(Table I) -- Freedom axis; infinite, CW 

s ccw. 

Outer Axis; ±540*^ 
minimum. 

Zero (0) position I 
is vertical middle | 
axis with the read- 
out components at 
the bottom. 


Mount dummy loads (IMUS) to 
Visual Inner axis loadplate (refer to 
para. 3.4.1.C.2, Exhibit B of 
NASA Spec.). Rotate Inner and 
Middle axis through ±2 revolu- 
' tions . 

Visual 
with 
position 
readout of 
outer axis. 


Record actual 
angle at 
each end-stoj 
and calculate 
total angular 
travel. 



TESTED BY 


WITNESSED BY 
(GOERZ) 


WITNESSED BY 
(CUSTOMER) 




..u..k 

:z..f 





CUS TOMER ; NASA/Houston 

SALES ORDER; 997 

INSTRUMENT: 


TEST plan- 


method OF 
VERIFICATION 

Check length 
of : the six' 

(6) slots fod 
holddown bolij 
in base 
(arranged at 
a 58.75" 
radius) . 
Length must 
be 3 3/4" 
minimum. 


TEST PARAMETER 


WITNESSED BY WITNESSED BY 

(GOERZ) (CUSTOMER) 











j -iv ... . > if , ji » M »v( . , -. > n I* ** *.— ; f 

i 


ftuaai DIARY 


CONTRAVK# AOi OKH Ll K O N - D U HR L r HOLDINO 


TEST-PLAN 


CUSTOMKU; ^ 

SALES ORDER! 
INSTRUMENT : 



ITEM 


Counter- 

balance 



METHOD OP 

SPECIFICATION 

VERIFICATION 


The table shall 
contain provisions 
for a simple means 
tq; offset a minimum 
of 10 ft-lbs unbal- 
ance caused by mis- 
centering of the 
tes.t article. 


All 3 axes 
establish un 
balance of 
10 .ft- lbs. 

Try to bal- 
ance each 
axis with 
the counter 
weights fur- 
nished with 
the DMS i 
Balancing 
must be 
achieved 

within the 
friction tor 
que of each 
axis. 

Record the 
rate after 
balancing 
for each axis 
Rate must be 
zero (0) if 
balancing is 
perfect. 


TEST PARAMETER 


RESULTS 


Measured Rate 
after balancin 

Inner Axis ; 


Middle Axis 


Outer Axis 



TESTED BY 


WITNESSED BY 
(GOERZ) 


WITNESSED BY 
(CUSTOMER) 











CONTRAVES - GOERZ, CORP. 

SUBSIDIARY 

CONTRAVES AC, OE RLIK O N • B U H RLE HOLDINO 


CUSTOMER: NASA 

SALES ORDER: 997 

INSTRUMENT : 



TEST PLAN 


3.4. 2.1 


ITEM 


Fluidic 
Lines & 
Swivel 
Joints 


: SPECIFICATION 


a) Pressure'" line, 
return line and 
3 swivel joints: 
Check for leaks 
at 60 PSIG oper- 
ating pressure 
v/ith air and 
water at the 
following rates : 
I. A. Rate: 180 
deg/sec. M.A. 
Rate: 120 deg/sec 
O.A. Oscillate at 
15 Hz at peak 
amplitude; Per- 
form static test 
at 150 PSIG for 

1 hour. 

b) Measure pressure 
drop betv;een inle 
port and outlet 
port when oper- 
ated with water 
at a maximum flow 
rate of 2 GPM. 
Pressure drop 
must not exceed 
10 PSI. (Inlet & 
outlet line 5 PSI 
each.) 


“ TESTED BY 


METHOD OF 
VERIFICATION 


TEST ; PARAMETER 


RESULTS 



WITNESSED BY 
(GOERZ) 


WITNESSED BY 
(CUSTOMER) 




. i L* 












01 
<,1 'VJ 
;u t'J 




SPECIFIGATION 


Rates to be the; 
sajne as under (a) ; 
also measure at 
izero (0) rate.. 


METHOD OF 
VERIFICATION 



TESTED BY 


WITNESSED BY 
(GOERZ) 


WITNESSED BY 
(CUSTOMER) 




CONTRAVES - GOERZ. CORP. 

OUBBIDIArsY 

\ CONTRAVS® AO, OERLIKON-BUHRU* HOLDINa 


TEST PLAN- 


CUSTOMigi : NASA/Houston 

SALES ORDER; 997 
INSTRUMENT : 


Table (DMS) The height of the 
Height . table (DMS) as 

installed in its 
maximum height 
configuration shall 
not exceed 10.5 ft 
(=126 inches). 
Height includes the 
mounting base and 
leveling wedges. 



METHOD OF . 

SPECIFICATION VERIFICATION 


TEST PARAMETER 


RESULTS 


TESTED BY 



WITNESSED BY 
(GOERZ) 


WITNESSED BY 
(CUSTOMER) 








=5^, CONTRAVES -GGERZ. CORP. 


nUBSIOIAPtY 


CONTM AVCS AO» O C R LlKO N -8 U H R 1.* MOLOINO 


TEST PLAN 


CUSTOMER : NAS A/Hous ton 

SALES ORPER ; ' 9 9T 
INSTRUMENT : 



ITEM 


SPECIFICATION 


METHOD OF 
VERIFICATION 


3.10 Net weight The weight of the Icheck the wt. 
of Siirmla- table (DMS) , ex- with one or 
tor Ass einblir eluding the controltv?© fprklifts 
‘ electronics , shall which are 
not exceed 15,000 equipped with 
lbs. load gauges. 


TEST PARAMETER 


RESULTS 





\f \\ c:c: c(;;vU'ANY 


TAI:lH ANJS ThST 


st!’-m-:a' ia 


T'-SV j.Av': V''!)vNT : 

1 T c* 0 ]■ i n p. ' • ^ o r • 

3 -.'.’.It 'll' i c Aut:Ov':o'l 1 ‘mrilor > Kol.linorcjcn- K~Z'^2 
1 X-V IXotlc-r - iiY No. /'OOl-A’-i or equj.val on t 


••‘X-V I’loftcr 






- f:oll j rnn tor 


/ \ ///// /A 

-A 

JlTraX gr 


Axis of Rot alio 


Too 3. ins Mirror 


PIGUR): 1 


PROuhiJuRt. : 

1. Ma^xe test setup as shown in Figure 1. 

2. Establish autocollination through 36ti degrees of shaft rotauic. 

5. On the graph fron'i the X"Y pl.ottcr, clraw’ t1\e sniall.es t circle 

inscribing the v.'obble graph. Ih'ow tlic largest circle posslblv 
circixiscribing the v.'obblc graph. 

A. The radial difference is the total range of the random wob-ble. 


1 . i 1 rd H I 


■'naTNiAhhiiviiY' 

(cniiu?:’) 


FjTNLShlb) 11 V 

CCIlRTf'MblO 


Of ; 



*r s 

D^terminG the perpendicularity error between two intersecting gimbal exes. 

Test SetuD ... 

Set up anT’antDCollirnator or theodolite with an autocollinating eycpiec=; witn 

resolution of 0,2 arc seconds minimuni, such that ; ButocDllimatiDn can be 
eeJ with the mirror placed on the center of the inner. axis. Mount an aripuaxab^c 
double surface mirror on the inner axis and align it perpendicular tne axis 
of rotation. Two tooling mirrors are to be used if the shaft does nou have s 
central perforation, 

establish autocollimation and measure and record the shart direction in t..^^c.-,- 
erdinate parallel to the outer axis. Rotate the inner axis abcuc 
Measure and record the shaft direction. Rotate the inner axis about^the 

axis 180“ and measure and record the shaft direction as above. Rotai.e bh_ ii- 

axis about itself 1BD“ and measure the shaft direction. Rspeox each measursmen. 

3 times. 


Data Reduction ‘ . „ 

A7eraqe ths riasdlngs of tho first tuo sets of ir.sasurDmBnts. Aversgs ths r=..a., , 
of the sacond tu/o sets of messurangnts. The ongular differgneo ba.iijosn ,ha .l,o 
averages ecjuals 2 times the orthogonality error £ • 


1 ARGULAR POSITION 
1 Outer Axis at 0“ 

OF THE INNER AXIS 
Outer Axis at 100" 

Inner Axis 
At 

Start Pos. 

Mi 




BBi 


Inner Axis 
100" From 
Start Pos. 


1 

Inner Axis ' 

■ 

100" From i 


Start Pos. ; 

Avg 1. Get 

. 

, 

Avg 2. Sotj 


Oiff, Between Averngen “2c = 


ANGULAR POSIT ICN 
Outer Axis at 0" i 

OF T H E I N c. R AX 1 
Outer Axis at 1ST, 

Inner Axis 
At 

Start Pos. 


Inner Axis ! 


At 1 __ J 

Start Pos . iV * j 

1 - ■ ' 

Inner Axis 
,160" From 
Start PoSt 

' — : 

1" ? 

Inner Axis 

100" From \ = 

Start Pns, j“‘ 

Avg 1. Setj 

Avg 2. Set i 

j. .! : ^ — 

Diff, Detwocn Averages == 2T: - ■ 


Average Orthugonality Crror £ 


Arc Sec 


1 


Tented By 


lili tnn.‘3nc2d ((joerz) 


Id i t non r. e rJ (Cun t n in e r ) 


pace; 

/ or / 
















CON T 1 VE f.5 “ 001'^ ] i 7. 
CORPOKATIOM 


'j'E E T r; p i-:c :i: f i c/v'j* ion 

inTEl^EECTION OF AXIS 


STP-n-2267 



-J-/ 

injrrn 

M 


JtKle IH.A.) 


Out<ir 


Z Al tijunirnt 
T« 




‘ Inner Axis O «A. ^ 


INSTRtElENT : 


SHOP ORDER: 


CUSTOMER; j 

SPECIFICATION; 


TASK / / / ^ 

To determine the sphere of intersection deviation of the axes. 

TEST SETUP 

Position gimbals and axes as shown aJoove. Mount reticle on inner 

giirCbal. Set up alignment scope to viev; reticle through outer axis. 

Rotate inner axis and align reticle to the inner axis. 

TEST PROCEDURE . . 

1) Rotate middle axis 180 degrees and record azimuth displacement 
(=2A;) of reticle. Rotate middle axis back to original position. 

2) Rotate outer axis 180 degrees and record displacement in azimuth 

and elevation (=2 A 2 and 202 ) of the reticle. Rotate azimuth 
axis back to original position. .NOTE; Observe positive or 
negative (+ or -) movements for azimuth readings. . 

3) Calculate maximum intersection deviation D as indicated be lov;. 


ACTUAL AXIS SEPARATION (Inch) 
(1/2 AL I GNMEMT SCOPE READ I N G ) 



Calculate the maximum intersection D (diameter of sphere) as f ollov;s ; 


D - ' 1 /^^ + ^1^ ■’* 




(D must be ^ 0.0 40 inch) 



TESTED BY 


WX'J'NESSED BY 
(GOIE^Z) 


WITNESSED ,BY 
(CUSTOMEJi) 


PAGII , 

1 OP 1 







ROTATING AXIS 
STRUCTURE 


INSTRUMENT 


UNIT 


S.O/SERIES NO, 


CUSTOMER 


REQUIREMENTS 



DISTANCE 


To determine the amount of friction fn the axis assemlDly including 
; bearings, electrical sliprings, fludic rotary joints, tachometer, 

Inductosyn, etc. , • 

SET-UP AI^D PROCEDURE 

Attach a spring scale to a covenient location of the rotating axis 
I structure. Pull on spring scale and record force applied to scale 

i i ' at break av;ay point. Repeat for 4 Clockv'/ise and 4 Counterclockv.’is- 
measurements. 


FORGE 


X DISTANCE 


ft- lbs 


DATE 


TESTED BY 


WITNESSED BY 
GOEJ^Z 


W.TTNESS];U) BY : 
CUSTOMER 


PAGt 

i or 2 






AXIS FRICTION 


STP-M-22G8 


D7\TA Rl': DUCT ION 


1) Find the arithmetic mean of the torques 


The torque values should be v/ithin 1.3 times the mean value. 


Inner Axis: 
Middle Axis • 
Outer 7ixis : 


Mean Value = 
Mean Value = 
Mean Value = 


ft-lbs 
ft- lbs 


ft-lbs 


3) i The measured mean torque values should be v/ithin the follov/ing 
! unitSj: . ■ • ' 

I Inner Axis: 1.3 x 3.4 = 4.4 ft-lbs 

I ■ , ' I ; V ■ 

I Middle Axis: 1.3 x 7.8 = 10.2 ft-lbs 

. . . i ' . • . ■ . . - , 

! Outer A>:is; 1.3 x 13.2 = 17.2 ft-lbs 



TESTED BY 


WITNESSED BY WITNESSED BY 

GOKRZ f/-, /; / conTOMER . 


IKSTRUHjSNT 


UNIT 

S.O. /SERIES NO. 

CUSTOMER 

REQUIREMENTS 






TASid: 


Check rotary joints for leaks. 


SEt-UP PROCEDURE ; 

Joint asseTP±)led to table. 

1. Pressurize- .ports V7ith specified pressures. V7ith outlets plugged 
rotate table at 3 radians per second and check for leaks at time 
interval noted. 


RESULTS : 
TEST 1 


Air V 
Pressure 


' PORT "A" PORT "B” 

Initial at 5 min at 10 rain Initial at 5 min • at 10 

60 PSIG 60 PSIG I i 


TEST 2 


PORT "A" 


PORT "B' 



at TO min 

Initial 

E.0._RSTG. 





TEST 3 State Pressure Test 

Popts A & B proof test at 150 PSIG (No rotation). 



TlMSTEl) BY; 

wiTNi-:ftsr,n by: 

WITNIMSSin:) BY ; 


GOIU^Z 

COSTOMEH 












ivi/UVi uviuj I ‘’i' ^‘ 22()D 


TEST 4 Check pressure drop betvK-'en inlet and outlet port 


inlet 

WATER 
2 GPM 

outlet 


<;.v« 




PRESSURE GAUGE 
60 PS I 





PRESSURE GAUGE 
MEASSURE outlet 
PRESSURE 


/ 


SWIVEL JOINTS 


T 


_* connect ends at 

-4 TABLE OF INNER 
AXIS 


Pressure drop: 


(=10 psig) 


psig • 








CONTRAVES -COEKZ 
COI«?OJiATION 


TI': S T S P I'') Cl F I CAT I OH 
INTOICFCTION OF AXIS 


AnIc (H.A.7 

IM3TRUMEIIT: ' , 

SHOP ORDER; ^ r-T— *»«» 

CUSTOMER; 1 

1 / _ I V, _ fTfhhrr- 

SPECIFICATIOH : ' r~ I 't" J 

■ "' - j (O.A,) I J ^Inn«r*»l» (I.A.) 

1 I — ^ — I ; 

TASK ' 1 , J/-) y-j -y ^ ly / y — / 

To determine the sphere of intersection deviation of the axes. 

TEST SETUP 

Position gimbals and axes as shov/n above. Mount reticle on inner 
gimbal. Set up alignment scope to view reticle through outer axis. 
Rotate inner axis and align reticle to the inner axis, 

TEST PROCEDURE 

1) I Rotate middle axis 180 degrees and record azimuth displacement 

(=2Aj) of reticle. Rotate middle axis back to original position. 

2) Rotate outer axis 180 degrees and record displacement in azimuth 

and elevation (-2 A 2 and 202 ) of the reticle. Rotate azimuth 
axis back to original position. NOTE; Observe positive or 
negative (+ or -) movements for azimuth readings. , 

3) Calculate maximum intersection deviation D as indicated below. 


i 


T«l«icopft 


Jnn«r Axi» (l»A.) 


AXIS DISPLACEMENT (Inch) 
(ALIGNMENT SCOPE 'READINGS) 


I.A. “ M.A., 2Aj_ = 

I , A. - O.A. , 2A2 - 

262 = _____ 

M.A. “ O.A. , 2A = 2Ai~2A = 


ACTUAL AXIS SEPARATION (Inch) 
(1/2 ALIGNMENT SCOPE READING) 



Calculate the maximum intersection D (diameter of sphere) as follows 

D - -f 1- ° 1 /^ ^ ^ ^ 


y’C f 


(D mus t be ^ 0 , 0 40 inch) 



TESTED BY 

■WITnEaSSib:) mr 

WITNESSED BY 


(GOERZ) 

(CUSTOMER) 


M'JliyaA , 






AXIS I^RICTION 


STP-M-2268 


ROTATING AXIS 
STRUCTURE 


INSTRUMENT 

UNIT 

S. 0/SERIES NO. 
CUSTO:^R 

requirements 



DISTANCE 


TASKi 


To determine the amount of friction in the axis assembly including 
bearings, electrical sliprings, fludic rotary Doints, tachometer, 
Inductosyn, etc. • 


SET-UP AND PROCEDURE 


Attach a spring scale to a covenient location of 

structure. Pull on spring scale and record force applied to scale 
at break away point. Repeat for 4 Clockwise and 4 Counterclockwise 

measurements . 


FORCE 


X DISTANCE • 


ft- lbs 


DATE 


Tl-IS'i’Kn BY 


WITNESSED BY: 
GOERZ 


WITNESSRD BY 
CUSTOMER 




PAGC 

1 Ot' 2 






AXIS FRICTION 


STP-M-2268 



I ’ 

DATA REDUCTION 

1) Find the arithmetic mean of the torques: 


2) The torque values should be within 1.3 times the mean value. 


Inner Axis: 

Mean 

Value = 

ft-lbs 

Middle Axis : 

Mean 

Value =■ • ■ 

ft- lbs 

Outer Axis : 

Mean 

Value = 

ft-lbs 

irhe measured mean torque values 

units: 

should be within 

the following 

Inner Axis : 

1.3 X 3.4 = 4.4 

ft- lbs 


Middle Axis : 

1.3 X 7.8 = 10 

, 2 ft- lbs 



Outer Axis: 1.3 x 13.2 = 17.2 ft- lbs 


TESTED BY 


“1 

WITNESSED BY 

GOERZ 


mmmmrn 


WITNESSED BY 
CUSTOMIB^ 


INSTRUMENT 

UNIT 

S.O. /SERIES, NO. 

CUSTOMER 

REQUIREMENTS 

TASK ; 

Check rotary joints for leaks, 

SET-UP PROCEDURE : 

Joint assembled to table. 

1. Pressurize' ports with specified pressures. With outlets plugged 
rotate table at 3 radians per second and check for leaks at time 
interval noted. 


•RESULTS : 



Test j 3 state Pressure Test 

Ports A & B proof test at 150 PSIG (No rotation) . 



TEST! 4 


TEST PROCEDUKE ROTARY JOINT 


i 


STP-M-22G9 


Check pressure drop between inlet and outlet port 


PRESSURE GAUGE 
60 PSI 


INLET 

WATER 

2CPM 


OUTLET"^ 



SWIVEL JOINTS 


« CONNECT ENDS AT 
^ TABLE OF INNER 
AXIS 


PRESSURE GAUGE 
MEASSURE OUTLET 
PRESSURE 


Pressure drop: 


psig 


(=10 psig) 


! 

i 


i 


I 

i 

1 

i 


DATE 

TESTED BY; 

witnesses BY: 

WI';i'NESS]E3 BY: 



GOERZ 

CUSTOMER 





ELECTRICAL TEST PLAN This section of the Acceptance Test 

Plan includes the electrical tests. 



Tht iibtiiij miilt ivtilibliii piif|io)*ii)t,CONTRAVrS OQCKZ COnPOllATION. Subiiiimy nt CONTRAVtS AC. OERUKON SIIHRIC HOICIMG, ll CjUpoi b* 

UwtuRy l•p^0lilltid in tny loim i\0( diniljid to ony llnid Toity, m» uitd loi toy piiiiioi# uihM th.ii ihii lurwtiich it Im boon moil* •••ilojilt to you, wthoul l)i« ipteifit iviiliyiuomytil ill CONTHAVCS COt R? COItl’unATION. 


Tl’iG An">encan Subsidiary of Conlravos AG, Ociiikon-BLlhrlc Holdinrj 


■ 


JNmn-r, ,!<■»»-»«, »««•«« 

t ft^diOiEUW. » *«-«t»-S.i.-»* ‘ 4^^#»-4 


1 COHTRAVES- GOERZ, CORP. 

j • . suaaiDiApjY 

f CONTRAVEa AO. OS R LJ K O N - S UK RLE HOLOINO 


TEST PLJiN- 


CUSTOMER : NASA/Houston 

SALES ORDER: ' ^ 

' INSTRUMENT : 


ITEM 


METHOD OF 

SPECIFICATION VERIFICATION 


TEST PARAMETER 


RESULTS 


4.3.3 


.4, 3. 3.1 


Test Arti- i 8 conductors, 5 ■! By design 

cle Povrer amp twisted shield- 
ed V7ith each shield 
carried through 


Pins A“f df^ iTll4 to J104, IS 
cond. at 10 amp,- 240 V, 2 cond 
at 5 amp, 150 V. 


4.3.3, 2 Signal to 
jinner Gim- 
bal 


3-4, 3. 4 


48 cond.@ 2 amp By design 
v;ith shield common 
carried through 

48 cond.Q 2 amp By design 
1 pair per shield 


3. 4. 3. 3. 3 I Sicmal to 8 cond.0 2 amp 

I4iddle 
Gimbal 


Signal to 8 cond.@ 2 amp 

Outer 

Gimbal 


By design 


By design 


>ins A-c ot tTllO to JlOO 
’ins A-c of Jill to JlOl 


’ins A-s of J112 to J102 
’ins A-s of J113 to J103 


.-8 shield on 9 to TB5 from JllO 


.-8 shield 9 to TB6 from Jill d-n 


DATE 


TESTED BY 


WITNESSED BY 
(GOERS) ; ' T . 


WITNESSED BY 
(CUSTOMER) 








3. 4. 3* 3, 4 Slipring Signal circuits 

Noise 30,100 miliohms per 

circuit. 



Slipring '^in. of 6 power 

Voltage 3 lip rings with 210 

Ratings ■ '/AC rating. Others 
I at 150 VAC. . 



test plan 


CUSTOMER 

SALES ORDER; 
INSTRUMENT : 


METHOD OF 
VERIFICxATION 


STP-E-212 

J //0 

//// - 
Jl:7 

JU3 

By design 


TEST PAPA14ETER 


Use strip chart recorder. 

Check 2 rings- in service using 
1 amp DC. Rate both axes at maxi 


RESULTS 




mum rate CW and at 6 deg/sec CCW. 

Noise should be less than 60 mv 
lor 200 mv depending on ring sel- 
ection. Ten rings will be checkec _ 
at acceptance. Data will be avail- v-t 
able on all rings. Demons tr ate _ no ? 

noise pickup with an axis osciilai ing. 

8 pairs J114 A-C to J104 
10 amp at 240 VAC V 

Demonstrate 210 VAC , 5 amp for 
10 minutes on each pair. 




II 


WITNESSED BY 
(GOERZ) 



r-H b." 




CONTRAVES - GOERZ, CORP. | 

'-t i 

SUBSIDIARY ! 

CONTRAVES AO. O E RI-IKO N • B U H H LE HOLDING j 



'CUSTOMER: 

SALES ORDER! 
INSTRUMENT ; 


TEST PLAN 


! METHOD OF | 
SPECIFICATION i VERIFICATION 1 


Electrical 3 phase, 4 wire, 
PCwer 120/208, 60 Hz 1 


4.2.2 


Monitor Req 

Digital 
Output 

b.j Display 


c. Analog 
Voltages 



TEST PARAMETER 


3 phase, 4 wire, 120/203, 60 Hz 
less than 10 amp per phase. 

Rate oscillate all axes in phase 
peak 1 Hz peak acceleration. 
Monitor phase current. 


1 display "for each function and 
axis . 

Buffered tach, buffered Inducto- 
syn position, and position error 

Take 20 points equally spaced 
over the range of each output. 
Use rate mode for tach output 
data. Use position mode for posi 
tion calibration. Lock brake and 
index manually using the readout 
display as the reference 

FUNCTION RANGE 


Analog Posn. 

±0.5 deg 

Posn Error 

±0-5 deg 

Buffered tach 

±200 °/se' 

Take position outputs 

at 32.75 

-33.75 and 250.75 to 

251. 75 deg. ■ 


DATE 


TESTED BY 


WITNESSED BY 
(GOERZ) 47 / 


WITNESSED BY 
.. (CUSTOMER) 



RESULTS 









TABLE III 

ANALOG SCALE FACTORS 




th» (ntium«i»iuot!Uin»dhi<i»in ii^mijm»df M«iUbl» Hlli«ptoMiiv ot,»^d ljttN pwiiOrti<if/CONTRAVtS-COtRZ COnPOnATION.SubWrirviilCONTflAVfSAO, OfRLIKnN PlIMflt t HOi niNCi ll tsiviot ti» 
UaIuIIv tt^iiiidiiad m iny lmiii Hdf divutgi'd lii ♦ii» tliiid fVliy, iw( uiVd to( liiy iiuipiiu uiim (haii ili>i lui whiyh ii h*i tiwii imila ivgitalila m you, wiitoiii ili« ipjcilic wmlen niiiioui ol CONTItAVrs CllEHi’ COOI’OnATIQN. 


Tlx) AnxTican Subsidiary of Conlra\Aas AG, Ooi iilco^^-DUhlio Holcfing 


















mm 



mam 
am 

lEBB 

""HB 
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8 // k 




imim|flHHp 








































































CONTRAVES - GOERZ, CORP. . 

[[■ subsidiary 

CONTRAVES AG, o!ER LI K O N • BUHR UE HOLDING 


CUSTOMER; 
SALES ORDER 
* INSTRUMENT : 



SPECIFICATION 


TEST PLAN 


METHOD OF 
VERIFICATION 


TEST PARAI4ETER 


lamps 

1 " 

Range 0 t o 3 6 0 de g 

.epeatabilr 

+1.Q arc. second 

ty 


.ccuracy | 

- ■ ■ , 1 

5-0 arc sec (WRT 
pre-application of 
brakes) 

rientation 

ensitivity 

1 arc sec 



'O 


) '< 2 -^ 


3ervo the axis iji position mode 
for each orientation shown in 
Tab. 1. Monitor fine position 
2 rror on strip chart- Apply brake 
and note axis movement per fine 
2 rror scale , factor. Repeat 4 times 
!\ccuracy is. the peak movement 
from servo to brake on final 
position. 

Repeatability is the largest peak 
to peak final position in any 
D 3 ^entation. (Peak to peak over 
5 positions.) 

In orientations 1 and 2^ table 
1C with monitored axis damped, 
rotate outer axis through 360 
'degrees in 45-degree steps. 

Record the. position of the 
i axis being monitored. The 
I orientation sensitivity is 
j the peak to peak measured 
j position over the full ro- 
Ltation of the outer axis. 


DATE 


TES-TED BY 


WITNESSED . 
(GOERZ) . ' 


WITNESSED BY 
' (CUSTOMER) 


RESULTS 


-7 




^ V ^ -b 










i w • * 


‘tabl'k'' I ' 


STATIC CLAMP TEST 


AXIS POSITION 


r MONITOR 

0 * 

o'] Inner 
^Oj Inner 
0 Inner 
"O"^ Middle 
9-CXj Middle 
b Middle 
0 Outer 
90 Outer 
90 Outer 


G 

TJT 

%3f 

] .14 

A. ;r 

^.31 


4\ n- 


APPLY BRAKES WHILE OTHER AXIS 


0 Inner 

,7^ 

/,:?5 

-’ Inner 


/ 

0 Middle 


! !& 

r Middle 



0 Outer 


4 , J 

0 Outer 


' 


/,V. O 

.;ij ^ ~ 

^ i' 

/ -.,3^ O 

/ ,s-i . o 

. 33 • ' <59 

3,7? ^ 

3-. /-/ ^ 

/.fg ° 

S' AJ 


IN MOTION 

60 deg/sec 
30 deg/sec 
60 deg/sec 
30 deg/sec 
60 deg/sec 
120 deg/sec 



' P 


c 

S 

C 

S 

/'' '■ 

0 

/.v; 

3 


f,:9 __ 


C3> 


€> 

r - y :^ 


/^3Z. 

0 

J 333 L 

- 0 

t.rj 

0 

/ .K/ 


-53 


'/& 



■ -r> 

3. 7f 

• 0 

/' 7'gr' 

<3 

l.r./ 

0 

! 

<3 


0 


-Axis In Motion 




g'lj 

kt 

^ >fe. 

3^*7 


imER 

HI 

J7-D 

LO 

J7-E 

MIDDLE 

HI 

J8-D 

LO 

J8-E 

OUTER 

HI 

J9-D 

LO 

J9-E 


= 

O®^ = 
SF 


mv/arc sec 
mv/arc sec 
mv/arc sec 


Accuracy^?* largest peak difference (S - C) of Col A-E, 

Repeatability « largest peaki difference of (Min C to Max C) Col. 'A-E* 

^ ■ TABLE Ic •• 

‘ I Orientation Sensitivity — - 

________ • Outer Axis 


Monitored Axi s' 0 45 [ 90 


Inner j ‘ . I ' 

; Middle ’ ’ / ■ . 


Servoed 
Clamo On 



: 
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{ 1 
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V ' 
• ‘1 
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L.1 
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^ ■ 

‘b 




® quality 
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GRAPHtC I CONTROLS CORPORATION BUFFALO. NEW YORK 

















i t 1 ! 




ORIGINAL PA 
OF POOR QU/ 









WITNESSED BY 
(GOERZ) 


CONTRAVES- GOERZ, CORP. 




CONTWAVSB AO. OCRUIKON-OUMNLtt MOLOINO 


TEST PLAN 


CUSTOMI'.K : 

SALES ORDER: 
INSTRUMENT: 


1 METHOD OF 

SPECIFICATION j VERIFICATION 


TEST PARAMETER 


-lamp ‘5 arc sec/rad/sec 

1 ate j f rates on other 

i-ensitivity j axis, 
i I 


iSTP-E-2260 


’Acceleratio:}' 5 arc sec/rad/sec j 
i'ensitivity . for acceleration orj 
I j other axis (axes) . 1 


2 o 

*X3 O 
/O ^ 


il. Use dual channel strip chart, i 
Monitor test axis position 
error and moving axis buffered 
tach. 

2. On all axis in rate mode: 

180 deg/sec = Inner 
120 deg/sec = Middle 
60 deg/sec = Outer 

is. 57 deg/sec^ = Inner 

i 34 deg/secp = Middle 

j 14 deg/sec"^ = Outer 

-4. Full load balanced. 

Is. For axis orientations refer to 
1 Table II chart attached. 

! 


TESTED BY 


WITNESSED BY 
(CUSTOMER) 



O 


COMTHAVES -GOERZ. CORP. 

-V-p BUBSJOtAny 

— CONTBAVSB AO, OKnl-1;KON*oUHnLK KOUOINO 


TEST PLM 


customi:r : 

SALES ORDER! 
INSTRUMENT : 


RAPK 


8 b 


DATE 


■TESTED BY 


ITEM 

SPECIFICATION 

METHOD OF 
VERIFICATION 

C l amp ‘ : 
Rate ” 
Sensitivity 

, 

5 arc sec/rad/sec 
for rates on other 
axis. 

X 

;tP-E-22G0 1 

2 



• m ^ 

ORIGINAL PAGE IB 
OF POOR QUALITY 

Acceleration 

Sensitivity 

2 

i 5 arc sec/rad/sec 
for acceleration on 
other axis (axes) . 

i 



^ y ■ ■ 

1 MTmMVClQT;! 


TEST PARAMETER 


W ^ - -- — 

Monitor test axis position 
error and moving axis buffered 
tach c 

On all axis in rate mode; 

180 deg/sec = Inner 
120 deg/sec = Middle 
60 deg/sec = Outer 

57 deg/sec^ = Inner 
34 deg/sec^ = Middle 
14 deg/sec = Outer 

U. Full load balanced. 

For axis orientations refer to 
Table II chart attached. 

. i'"' t • v* 

-/■ S.-i' ' V.' ' 














i 


(GOERZ) 


■WITNESSED BY 
(CUSTOMER) 






TABLE II 


DYN7VMIC CLAMP TEST 


Apply brakes before axis is moving 


AXIS ORIENTATION 


RATEk* 

MONITOR 


POSN * 
MONITOR 


BRAKES 


OUTER 


MIDDLE 


INNER 


INNER & OUTER 
MIDDLE & OUTER 
MIDDLE & OUTER 
INNER & MIDDLE 
OUTER & MIDDLE 
OUTER £t MIDDLE 
INNER & OUTER 
INNER & OUTER 
INNER & MIDDLE 
INNER & OUTER 


MIDDLE 


OUTER 


INNER 

INNER 


OUTER 


OUTER 


OUTER 


MIDDLE 


INNER 


MIDDLE 

MIDDLE 


INNER 


MIDDLE 

MIDDLE 


INNER 

INNER 


OUTER 

MIDDLE 


INNER 

OUTER 


Middle J8-D 
Outer J9“D 


Middle J7-E 
Outer J7-J 


ORIGINAL’ PAGE L] 
OF POOR QUAUTK 


TIy? AfTtcrican SLd.''Tiidtt‘U'y of Contiu^^s AG, Ocrlikon-f^MvIo I tolciiixj 


:ONTRAVES-GOERZ. CCRP. 


• uatioiAnY 


^ ^ 1 CON7RAVXS A«. OSHLIICON.bUmWLE MOLOINq 


ITEM 

4 

Mode 

Control 


TEST PLAN 


METHOD OF 

SPECIFICATION | VERIFICATION 


CUSTOMER : 

SALES ORDER: 
INSTRUMENT: 


TEST PARAMETER 


Po« 5 ition, rate ^ Bv design Position Mode, Rate Mode, Rate 

Sa? Ac=e^Ira- ", f a"!f oalv) 

tiSn, Angular Oscil Arceieratron axis only) 

is+-ion and Remote under manual control. All of tn- 

latron and Remote Remote Control. Eacn 

1 is on a per axis basis. 


DATE 


TESTED BY 


WITNESSED BY 
(GOERZ) 


WITNESSED BY 
(CUSTOMER) 


p 















































lETHOD OF 
JRIFICATION I 


TEST PARAMETER 


RESULTS 


Use strip chart monitoring analoo 
position output on each axis. 
Command axis at i 

analog voltage. Command axis off 
±.l deg and ±90.0 deg and return 
to zero. Record analog voltage 
^fter axis has settled. Convert 
using scale factors. s 

Repeat the test 5 times at angles 
of 0.0000 degree and 135.2738 
degrees . 


4 ' ' 


V;iTNESSED BY 

(CUSTOMER) 





CONTRAVES-GOERZ, CORP 


CUSTOMER : 

SALES ORDER 
INSTRUMENT : 


UMnLX MOLOINO 


METHOD OF 
VERIFICATION 


TEST PARAMETER 


L) Use dual channel strip chart 
monitor test axis position 
error and moving axis buffered 
tach. (Table IV) 

2) Rate 180 - deg/sec. Inner 

150 deg/sec, Mxddle 
30 deg/sec. Outer 
on all axes in rate mode. 

3) Acceleration Limits 
57 deg/sec, Inner 
34 deg/sec, Middle 
14 deg/sec. Outer 

4) Full Load 

r»T*i fantation per attached chart 


STP-E-2260 


Position 
i Command 


\vITNESSED E 

(CUSTOMER) 


WITNESSED BY 
(GOERZ) 















Position axis when others in motion. 


POSITIONS 


90-0 

270-0 

90-0 

270-0 


90-0 

270-0 

90-0 

270-0 


'12/ / 


90-0 

270-0 

90-0 

270-0 


MONITOR 

Inner 

Inner 

Inner 

Inner 

Middle 

Middle 

Middle 

Middle 

Outer 

Outer 

Outer 

Outer 


I 







i 
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CONTRAVES-GOERZ. CORP. 

suBBioiAnr 

CONT!^AV*t AO, OlAUIKON-aUHALX HOLOINO 


TEST PLAN 


CUSTOMER: 

SALES ORDER; 
INSTRUMENT : 


SPEC 


] 

‘ ! 

1 

METHOD OF 

j 

1 

ITEM 

SPECIFICATION 

VERIFICATION 

TEST PARAMETER 

RESULTS 


TABLE III RATE MODE Resolution 

CONT • Range 


By design 
By _ design 


Instability ±0,1% 
over 1 sec 


Accuracy .1% or I 
.001®/sec whichever) 
is greater. j 

Repeatability .01®/?ec 


j.OOl deg/sec 

3-199 deg/sec inner and middle 
Outer 0-79 deg/sec 


Jse Direct Readout Display. Take 
1 readings as in attached Rate 
Chart 

Take each axis independently w’ith 
the two axes not being tested in 
position mode. 

\ccuracy is peak deviation from 
command value. Instability is 
deviation from the average rate. 

Repeatability is the average rate 
difference from set to set. 


WITNESSED BY 
, -(CUSTOMER) 









RATE MODE 


Initial Position 
SET I 


Outer 

-y- ./oo^ 
j 

4- -loot 


Middle 

y. ./Oo^ 

^, on ? 


Inner 


Rate 

deg/sec 

+ 000. 100 
+ 000.100 
+ 000.100 
+ 000.100 

+ 001.000 

+ 001.000 

+ 001.000 

"°ii:888 

+ 010.000 

+ 010.000 

+ 010.000 

+ 010.000 

Maximum 

Maximum 

Maximum 

Maximum 

Maximum 


^ 010.000 

- 010.000 

- 010.000 

- 010.000 

Maximum 

Maximum /pi 
Maximum 
Maximum 
Maximum , 

uilwmitien conuintd hn.ii h "■•J* •• 

Itiii«4«ictj M> .:1V Uim «0I d.«ii»«d I« • '* Ih'id f.M», iwi uittf Im dUx' ik*" 
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rate mode 


Initial Position 
Set 3 

Rate 

deg/sec 

+ 000.100 

+ 000.100 

+ 000.100 

+ 000.100 

+ 000.100 

+ 001.000 

+ 001.000 

+ 001.000 

+ 001.000 

+CP1.00p 

+ 010.000 

+ 010.000 

+ 010.000 

+ 010.000 

+ 010.000 

Maximum 

Maximum 

Maximum 

Maximum 

Maximum 

Initial Position 
Set 4 


I 

0.0 

Inner 


M 

0.0 


Middle 


Outer 


0 

0.0 

Spec 

.100 

1.000 


Deg/sec 

± 0.001 

+ 0.001 


10.000 ± 0.01 


I 

0.0 


M 

0.0 


1.000 


10.000 


- 000.100 
- 000.100 
- 000.100 
- 000.100 
- 000.100 
- 001.000 
- 001.000 
- 001.000 
- 001.000 
- 001.000 
- 010.000 
- 010.000 
- 010.000 
- 010.000 
- 010.000 
Maximum 
Maximum 
Maximum 
Maximum 
Maximum , 


0 

0.0 

.100 


± 0.001 


± 0.001 


± 0.01 


HOIOING 

J COt«iCO«fO^A1lON 


11x3 Amot ican Sil'jsidiary ef Coi'lrnvcs AG. CX^i Iikoo-Blilvic I 


RATE MODE 


Initial Position 
Set 5 


I 

90.0 


0 

90.0 


Rate 
deg/sec 
+ 000.100 
+000. Ijl^O 
+ 000.100 
+ 000.100 

+ 000.100 
+ 001.000 
+ 001.000 
+ 001.000 
+ 001.000 
+ 001.000 
+010. DDO 
+010.000 

+ 010.000 

+ 010.000 

+ 010 .000 

Maximum 

Maximum 

Maximum 

Maximum 

Maximum 


Inner 


Middle Outer 




Spec 


.100 


+/(? >000 6 - A' 


r/e‘^t,Ooot' i-l;>^o.t,oon Ho->oob 


10.000 


±.001 


nol.ooos ihot,OOo4 i.oj.ooo-^ 1.000 +.001 


±.01 


Initial Position 


Set 6 


-000 

-000 

-000 

-000 

-000 

^8i 

-001 

-001 


.100 

.100 

.100 

.100 

.100 

.000 

.000 

.000 

.000 


I 

90.0 


M 

90.0 


i -O, a,0003 OOOJ ,Oco^ 


-/>oi , 00 or ^,ot, 0003 Ooo4> 


0 

90.0 


.100 


1.000 




±001 


;',L0.000 ..01 

-010.000 OS, ooos Oooj -/ol , 0 ( ' ■ 4^" 

- 010.000 

- 010.000 - 

Maximum -Ip^^.OOOf^ -^'iOS.oO 100.000 ±.l 

Maximum “ 

Maximum 

Maximum 

Tt . €«.!►»«» ».«..« « b..n, m.d. .. tb. rtxu .»,.•« '»* t« •' CONIMVIJ COI R/ CORrORRTION. S.bi«).», .( CONI RAVCl AC. Of »U« ON AOMAlf HOI OINC H b. 

It.lgtlf i . gi . di.if d i « » n , Igim Ml d .« il*.d W • 'V «••••< ►«<». «•»< •"» »»' P«W • I *" lb *" lb »' •>« " b*l b.M i ", d « t.rUlilt I . yM . •. tVi.t H >. IH . .!« Mill .. •! CONI AAVCS COIH; CONCUnAI ION 


10.000 ±.01 


100.000 ±.l 
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CONTRAVES-GOERZ, CORP. 

SUBSIDIARY 

CONTRAVCS AG. O E R LI K O N - D U H R LE HOLDING 


TEST PLAN 


CUSTOMER: 

SALES ORDER: 
INSTRUMENT : 


SPEC j 
PARAGRAPH ' 


ITEM 


T 


TABLE II 
(Cent.) 


Anoular 


SPECIFICATION 


METHOD OF ! 
VERIFICATION I 


Resolution 


Acceleratiqn ' Range 
Mode 
(lUcIdle 
A.xis ) 


By design 
3y design 


DATE 


Accuracy ISTP-E-2256 

±.01 = +.57 deg/sec^ 


Repeatability 
±.005 = ±.29 deg/sed 


Instability 
±.005 rad/sec = 
.29 deg/sec2 


TESTED BY 


TEST PARAMETER 


iVOSbiJJLO 


.01 deg/sec^ 

.01-39.99 deg/sec2 

Demonstrate range and resolution 

by readout. 


Do STP with I = 0.0 and O = 0.0 
Middle initial position at 0. I 

Repeat test at +15 deg/sec^ only 
for the following: 

1. Inner = 0, Outer =90 ’ 

2. Outer oscillating at 1 Hz. 

3. Inner oscilating at j M - 

4. Outer = 0, Inner rating at ; 
+180 deg/sec. 

At + 15 deg/sec^. Outer = 0, 

Inner = 0 , monitor acceleration 
error. Check with scale factor 
for instability. 


I ' 


\ 




•* o.:^ 


^ ■ f \,- 

* ' i: [ 


. ■‘T 


WITNESSED BY 
(GOERZ) • 


WITNESSED BY 
(CUSTOMER) 
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' SPEC 



METHOD OF 



PAPAGPJiPK 

ITEM 

SPECIFICATION 

VERIFICATION 

TEST PARAMETER 

RESULTS 

TABLE II 

Accelera- 

Resolution .05 rad/ 

By design 

1 deg/sec ^ 


(Cont. ) 

tion Limit 

sec^ = 2.9 deg/sec^ 




Range 

By design 





I 0-±l rad/secf 

0-69 deg/sec^ ‘ ^ 




M Q-±,6 rad/s ec^ 


0-39 deg/sec^ J*C> ; 

• 



0 O-i.25 rad/sec^ 


0-19 deg/sec^ i 



Sfi- 

■ ' 

y Q 

Repeatability 

STP-E-2257 

! 

Do STP , 2 times and record 



.05 rad/sec^ 


the difference as repeatability. 


\ : 

SS 

• . t. 



I */sec. 


^ 1 

1 

1 

1 

1 


M */sec 


-> • 

• 


f ^ ^ / ’’ ^ ^ 

Acceleration Mode On, Middle ^ ^ 

0 ®/sec 

! "/ .K 


i,' 


Axis set. Acceleration limit at 




j i 

; 

30 deg/sec2. Record acceleration 

! • 



/ i 

' / ■ 

readout. Set acceleration limit 




. 


at 29 deg/sec2, Pu 2 cord acceler- 





ation rate. Difference between 
the two is resolution. 






'' r' /' r c- - 






^ /s" 



r— 


1 '■ ^ 

1 

•1 

0 . ' 

/ 

0 

- 


DATE 


TESTED BY 


WITNESSED BY 
(GOERZ) 


WITNESSED BY 
(CUSTOMER) 


ir ACjC. 
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CONTRAVES-GOERZ. CORP. 

SUeStOIARY 

CONTRAVK* A3. OCRUIKON-BUHRLt HOLDING 


CUSTOMER: 

SALES ORDER 
INSTRUMENT : 


TEST PLAN 


METHOD OF 
VERIFICATION 


ITEM 


11800 times the frequency of 
oscillation for slaved node. 
•Command 

i Axis Oscillation 

.Maximum 


(Cont. ) 


Minimum 


55.5 Hz 
5.55 Vz 
.55 Hz 
.055 
.0055 


100-999K 
10-99. 9K 
1-9.99 K 
.1-.999K 


±1% of setting ±1 digit over abov 
ranges . 

Use Hf clock gated by reference^ 
output of each axis. Record peric 
in seconds, per Table V. Do 
second set 1 hour later. 


WITNESSED BY 
(CUSTOMER) 


WITNESSED BY 


(GOERZ) 





4 



TABLE V 


OSCILLATION SOURCE ACCURACY 
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CONTRAVES-GOERZ. CORP. 


SUBSIOIARY 


i CONTRAVE* AO, O E A LIK O N - BUM A LK HOLDINO 


TEST PLAN 



SPEC 

PAPwAGPAPH 


II 
(Cont . ) 


ITEM 


SPECIFICATION 


METHOD OF 
VERIFICATION 


t 

t Phase Adjustment Exact 337 


Angular t Phase Adjustment 
Rate j 

Oscillatioy. Resolution ^ ±1 deg 
Continued Accuracy ±1 deg 


! Demonstrate 


CUSTOMER: 

SALES ORDER 
INSTRUMENT : 


TEST PARAMETER 


Oscillate inner axis and middle 
axis around 0.0. Position commanc 
Oscillate at 10 Hz. Monitor zero 
reference pulses for middle and 
inner axis on oscilloscope. 
Determine that the time relation- 
ship changes for phase shifts 
of 45 degrees and 90 degrees to 
I a resolution of 1 degree. 



TESTED BY 


WITNESSED BY 
(GOERZ) r 


WITNESSED BY 
(CUSTOMER) 





CONTRAVES-GOERZ, CORP. 

■ U«*IO<AnY 

CONTHAVC# AGi O I R LIK O N • B U M B L C HOLOINO 


CUSTOMKU : 

SALES ORDER: 
INSTRUMENT : 


TEST PLAN 




I METHOD OF 

SPECIFICATION ’■ VERIFICAT ION 


±3db 0 to 75 Hz STP-E-272 
±3db 0 to 400Hz For method 
±3db 0 to 15 Hz only. 


TEST PARAMETER 


Plot amplitude and phase. 
Position 0, 0, 0, 0, 0, 90, 
Other axis in position mode. 
Test axis in rate oscillation 


mode. 



.To 

Cl c, . 0 ^ 

«• * 


/../?YVn£^ [ — 

xJ * ^ 





.r.f p -Y ^ z/^ 4 *^ ^ 

a. s 


r J <■ k, , 


rofu. 

Pc b 1 / /-n^ /,<.<■ 

C*.- 0 


3 V,o‘V 


Ovn Cx h. i "I" K \ J 

■ \C err' 


'K 


'- 70 CC .1 


TESTED BY 


WITNESSED BY 
(GOERZ) 


WITNESSED BY 
(CUSTOMER) 
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( 

0) 
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1 04) 
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1 33) 

< 

1 12) 

( 

1 1 6) 

( 

123) 

( 

124) 

( 

1 23) 


7 

15 



-10030 

3 

-4339 

313 

-3633 

5 140 

-3371 

2619 

-3325 

3373 

-3110 

3095 

-2579 

122 1 

-2523 

1355 

-2495 

-1345 

-2474 

- 1344 

-2339 

-2713 

-2393 

-3473 

-24 19 

-6037 

-2369 

-6421 

-2419 

-6337 

-2547 

-7667 

-2633 

-3599 

-2705 

-3795 

-2309 

-9944 

-2339 

-1304 3 

-2901 

-10425 

-2936 

-13326 

-3044 

-11267 

-3061 

-11300 

-3193 

-12345 

-3152 

-12507 

-3143 

-12749 

-3256 

-12337 

-3 343 

-13274 

-3333 

-13392 

-34 1 7 

-13663 

-3332 

- 1 4 1 1 3 

, -3434 

-14471 

-3544 

-14679 

-3622 

-15162 

-3603 

-15123 

-3663 

-15694 

-37 16 

-15396 

-3 694 

-15133 

-3636 

- 15956 

-3795 

-16139 

-3349 

-16143 

-3305 

-16333 

-3330 

-16544 

-3339 

-16733 

-391 1 

- 16334 

-3963 

-17173 

-3922 

- 17373 

-40 33 

- 1 7732 
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CONTRAVES - GOERZ. CORP. | 

,,4 , suBSiotAnr 

■''1 CONTAAVCB AO. OIALIKON-BUH ALK MOLOINO 1 


TEST PLAN 


CUSTOMER: 

SALES ORDER: 
INSTRUMENT: 


SPEC 

PARAGRAPH 


ITEM 


METHOD OF 

SPECIFICATION VERIFICATION 


TEST PARAMETER 


S II Angular Null point drift 

t.) Oscillation -^.5 arc sec 

Continued per min. 


Oscillate each axis separately at 
15 Hz with a rate amplitude of 
. 20/sec for 1 hour. Begin with 
amplitude at zero and record 
position readout angle. Increase 
amplitude to .20/sec and let 
oscillate for 1 hour. Decrease 
I the amplitude to zero and record 
position readout angle. 

The difference between initial 
and final should be < 3 arc sec 
or .0009 degree. 


Record P* - P- 






TESTED BY 


WITNESSED BY 
(GOERZ) 


WITNESSED BY 
(CUSTOMER) 






n IT' 


CONTRAVES - GOERZ. CORP. 

, SUCStOIARY 

CONTRAVC* A3. OCRLIKON-BUHRLC HOUOIN3 


SPEC 

PARAGRAPH 


ITEM 


TEST PLAN 


METHOD OF 

SPECIFICATION VERIFICATION 


CUSTOMER: 

SALES ORDER; 
INSTRUMENT : 


TEST PARAMETER 


3LE II 
ont. ) 


Rate Perturbation 
through zero rate 


I .15 deg/sec 

M .12 deg/sec 

0 .085 deg/sec 


Connect buffered tach output to 
strip charts. Rate oscillate 
at .01 Hz and .1 deq/sec rate 
amplitude. Determine perturba- 
tion from straight line. Use 
tach scale factor to convert 
the perturbation to deg/sec. 


ph-' 




(Also monitor analog position 
joutput during this test. 


f^-i' 
/- ■ 


DATE 


TESTED BY 


WITNESSED BY 
(GOERZ) 


WITNESSED BY 
(CUSTOMER) 













It* t/) 
O 'iJ 
’,0 l‘l 


CONTRAVES - GOERZ, CORP. ! 


SUQSIOIARY 


CONTRAVES AC. O C R LI K O N - oU HR LC MOLOINO 


X X 


TEST PLAN 


METHOD OF ! 
SPECIFICATION | VERIFICATION j 


CUSTOMER : 

SALES ORDER 
INSTRUMENT : 


TEST PARAMETER 


I 1 

TABLE II ‘single I 

■Amplitude j 
'•at' Bandv;idth 

i 

I 

! O 


.9 arc sec at jsee test 
75 Hz. {parameter 


1.9 arc sec at 
40 Hz. 

5.8 arc sec at 
15 Hz 


I 

Use analog position outputs. I 

Rate oscillate each axis at ; 
the bandwidth and increase th^i 
input rate amplitude until th^l 
required peak amplitude is j 
achieved. This amplitude is } 
found using spec amplitude and 
the SF from Table III. Record | 
this cimplitude. ; 


Increase input setting until jv^ 
output appears to saturate. jy 

Record this amplitude. ‘ N 


TESTED BY 


WITNESSED BY 
(G0KR7.) ; 


WITNESSED BY 
(CUSTOMER) 


arc/nec 




CONTRAVES-GOERZ. CORP. 

j[ w ' suosioiARy 

• ’’ CONTRAVES AC, O C R Lt K O N - D U H R UC HOLOINO 


rRAVES AC. OCRUtKON-DUHRUC HOLOINO 


CUSTOMER: 

SALES ORDER: 
INSTRUMENT: 


TEST PLAN 


SPECIFICATION 


SPEC 

PARAGRAPH 


TESTED BY 


DATE 


Acceleratio-’l I j= 1 rad/sec = 

(Cont.) jsapability j 57,3 deg/sec"^ 


M = .6 rad/sec = 
”’4 .4- deg/sec"^ 


O = .25 rad/sec 
14.3 deg/sec^ 


TEST PARAMETER 


METHOD OF 
VERIFICATION 

i 





RESULTS 


METHOD OF 
VERIFICATION 


SPECIFICATION 


ITEM 


TA3LE III 


WITNESSED BY 
(CUSTOMER) 


l' 

OF 


WITNESSED BY 
(GOER7.) 


TESTED BY 


DATE 


Resolution .0001 

Accuracy ±1 arc sec 
TR-3011 


Resolution ,001 deg/ 
sec 

Accuracy .001 deg/ 
sec 


Range 0-180.000 deg 
sec 


y design 

lalculated in 
lesign report 

By design 


TEST PARAMETER 


By design 
TP-E-2254 


.0001 deg/sec 


.001 deg/sec 


0-199.9999 deg/sec 


See position corunand test. Data 
was taken with position coininand 
test. 


In system test rate mode, oscil- 
late other axis and determine the 
effect on the rate readout. 


CONTRAVES-GOERZ, CORP. 

SUnSIOlARY 

CONTRAVCS AC, O ER L 1 K C N - O U H RLE HOLDING 


TEST PLAN 


CUSTOMER: 

STUPES ORDER: 
INSTRUMENT : 












CONTRAVES-GOERZ, CORpTI 


SUBSIDIARY 


CONTRAVES AC, O CRU K O N • D U H R LC MOUOINC 


TEST PLAN 


’ CUSTOMER : 

SALES ORDER: 
INSTRUMENT 


ITEM 


1 METHOD OF I 

SPECIFICATION j VERIFICATION | 

I - I 


TEST PARAMETER 


I , . -1 

II iAcceleration Resolution ^ 

Readout ! ' 0*1 deg/sec j 


i 

By design 4-digit DA converter 


Unalog Rate 
|output 


!\nalog 

bosition 

[Outputs 


Accuracy^ deg/sec2 calculated Demonstrate ^^/sec step xn | 

from vendor in system test mode. . 

certification } 


\ * 
See Analog Scale factors determindd 
earlier. (Table III) 


Mode Response to mode 

Change change 4^2 msec 


TESTED BY 


By design 


WITNESSED BY 
(GOER7.) 


1 WITNESSED 13Y 
I (CUSTOMER) 


o y 


-Cn -ClO CT~ w- : < 

CONTRAVES - GOERZ, CORP. 

}.( - SUBSIDIARY 

i ? CONTRAVES AC. O ERLI K O N- BUM RUE HOUOING 


TEST PLAN 


cn 


CUSTOMER: 

SALES ORDER: 
INSTRUMENT : 


SPEC 

PARAGRAPH 


Harnionic Distortion STP-E-2251 
<5% third Harmonic 



METHOD OF 
VERIFICATION 


STP-E-272 


STP-E-272 


TEST PARAMETER • 


Plot closed loop response on a 
l^ichol's chart to obtain gain and 
phase margin. See frequency 
response in rate oscillation mode. 

1 hr max rates middle and inner { 
axis with outer oscillating at 
15 Hz max rate. 

Pleasure distortion of rate oscilla - 
tion source (S) and of buffered ^ 
tach feedback (F) while oscillating 
it 5 Hz and .2®/sec Amplitude. 

:.ook at residual on scope and esti - 
mate the third harmonic content (E . 

E(F-S) = third harmonic distortion 

Do frequency response with OFF 
MODE (Zero Rate) and plot the data 
on a Nichols chart to obtain gain 
and phase margin. 

Do frequency response in Acceler- 
ation mode on middle axis. Set 
acceleration command to zero. 

Oscillate inner at a frequency 
above the outer axis oscillation 
bandwidth. Outer axis maintains 
position as observed on analog 
position output within acceler- 
ation to rate s-^nsitivity spec. 


TESTED BY 


WITNESS I'lD BY 
(GOER/.) 


witni-:ssi:d by 

(CUSTOMER) 
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CST3 err 


CONTRAVES - GOERZ, CORP. 

SUtJSIOIAR Y 

CONTRAVES AC, O C R LI K O N . O UH R LC HOLDINO 


TEST PLAN 


CUSTOMER: 

SALES ORDER 
INSTRUMENT : 


SPEC 

PAPJkGPAPH 


ITEM 


METHOD OF 

SPECIFICATION VERIFICATION 


TEST PARAMETER 


RESULTS 


4.2.4 


4.2.4 


Servo Loop Aeqeleration will bd 
(Cont.) within 5% of corrmana 

value v;ithin 50 mseq 
(Middle only) ' 


Max Rate Switching 
Test 


Connect strip chart to the accel- ^ 
erometer output. Enter 20 deg/sed 
command. Select acceleration mode . 
Record time when the acceleration 
is within 5% of the final value. 

Command meix rate + switch to max 
rate - on each axis. (Watch outer 
axis. ) 


Adjustment Control By design 3y design null point drift is an 


adoptive control 



TESTED BY 


WITNESSED BY 
(GOERZ) 


WITNESSED BY 
(CUSTOMER) 


PAG£ 

IS C? 



t 











CONTRAVES-GOERZ, CORP, 


CUSTOMER: 

SALES ORDER 
INSTRUMENT : 


SUOSIOIARY 

CONTRAVES AC. OER Ul K O N - B Li M R LE HOLOINO 


TEST PLAN 


METHOD OF 
VERIFICATION 


ITEM 


TEST PARAMETER 


^^ccuracy 0.15 deg/hr 
or consistent with 
resolution. Range 
[and accuracy of each 


WITNESSED BY 


WITNESSED BY 


(CUSTOMER) 


(GOERZ) 









Ill n: 

0| o 



^ CONTRAVES-GOERZ. CORP. 

I SUBSIDIARY 

» CONTRAVES AC. O ER LI K O N • B UM R LC HOLDING 


CUSTOIJIER: 

S/\LES ORDER 
INSTRUMENT : 


TEST PLAN 


METHOD OF 
VERIFICATION 


TEST PARAMETER 


SPECIFICATION 


Determine that zero reference 
pulse occurs within ,0002 degree 
of zero by monitoring the analog, 
position output on a strip chart 
and the 000.0000 degree output 
before the pulse shaper on anothe 
channel. Rat at .0001 deg/sec 
through zero, two different revo- 
lutions. Repeat 5 times. 


WITNESSED , BY 
(COER/.))' • 


TESTED BY 



-Nj CONTRAVES - GOERZ, CORP. ! 

SUOSIOIARY 

CONTRAVES AC. OE R UK O N • oIIhR LE HOLOINO 


CUSTOMER: 

SALES ORDER! 
INSTRUMENT : 


TEST PLAN 


SPEC 

PARAGRAPH 


ITEM 


SPECIFICATION 


METHOD OF 
VERIFICATION 


TEST PARAMETER 


RESULTS 


4.2.7 


4.2.8 b 

4.2.8 c 
4.2.8 e 
5.4 


Zero 

t’.eference 
bulse 
(Cont. ) 


DATE 


Rate Error 
.^1.0 sec/rad/sec 

Acceleration Error 
4 2.0 sec/rad/sec 


External Oscillation 
Inputs 

Isolation 

li 

Flux Dev-ity- 


By design 


Compatible with position readout 


.-6 


By design 
By design 


By design 
based on test 
data on S.O. 
226 


Sampling Error: _ 

Scimpling time = ,416 x 10 ” sec 
at 100 deg/sec 


100 X .416 X 10“^ = .4 X lO""^ de^ 
= .00004- deg 

or .08 arc sec/rad/sec 

Demonstration of 3 different 
frequencies . 

Show external oscillation inputs. 


Multimeter check for ground 
isolation. 



1 

WITNESSED BY 

t WITNESSED BY 

j TESTED BY 

g 


(GOERZ) 

(CUSTOMER) \ 


21 


OF 








RATE TRIP 


Axis 


Inner 


Middle 


Outer 


Rate 

Trip 

Setting 

®/sec 


'SO - — 
•60 — 
60-^ 


Initial 

Rate 

®/sec 


+170 
+170 
-170 
+ 50 
-50 
+ 3 
+ 3 
-3 


+ 110 
+ 110 
-110 
+ 50 


+50-' 
+50 
-50- 
+ 20 
-20 
+ 3 
+ 3 
-3 


Step 

Size 

®/sec 


•+ 1 ' 
+ 1 " 
.-1 - 
+1 
-1 
+ . 5 
+ .5 
5 


Conunand 
Rate at 
Which 
Rate Trip 
Occurs 

Accuracy 

Spec 

®/sec 

/ 

- / ^ 

180 ±5.7 
180 ±5.7 
180 ±5.J_ 

V * 

.. . < / 

+- 

60 ±5.7 
60 ±5.7 
5 ±5.7.. 

■}' 6r :> 

— ?■ O 

5 ±5.7 
5 ±5.7 

/■ ■ • ■ 

120 ±5.7 

1/^7 

120 ^5.7 
120 ±5.7 
60 ±5.7 

C? 

- i". 

60 -5.7 
5 ±5.7 
5 ±5.7 
5 ±5.7 






- 60 ±5 .-7- 
•60 ±5.7 
60- ±5^.7 


, .. .. COtR2COt»PnilATION Su»i«l*Y.lt0«l1«»vrS AC.OMUIKON MOiniNB 

corpora... 


■pio Amo«ic;nn Suhi^idtiry of Contiiiw^s AG. Ooilikon-F3Ufvlo Hokfitv] 



contraves-goerz, corp. 

? suosio'AnY 


CONTHAVCt AO. OEaLIKON-OUHWLC HCLOtNO 


CUSTOMER: 

SALES ORDER: 
INSTRUMENT : 


TEST PLAN 



ITEM 


METHOD OF 

SPECIFICATION VERIFICATION 


TEST PARAMETER 



emonstrate Rate into CW and CCW stops a1 
57 deg/sec 


Dynamic Braking Incorporated 
Demonstrate dynamic braking from 
a rate. 


WITNESSED BY 
(GOERZ) ' 


WITNESSED BY 
• (CUSTOMER) 


RESULTS 


I 
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VI n t r.wti •% IT 
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liTurmc i -nf.Trr’urrrrK in^rrr^^ 


TT77T 




nf SS ^page is 


”'r' ••“ ov~'*'T' • 
£.r^ — i . 


wsr. : 


usir.g this procedure, amplitude levels and frequency ranges as 
-g specification points should be specified# 


?HC:EDU?j 




i 

(2) 


(3) 


a) 


Monitor the tachometer output and input a- constant 
command of either polarity, such that the tachometer voltage 
does not swing through zero volts. 


Monitor power amplifier output voltage; confirm that it is 
not saturated and record its peak to peak amplitude. 


c) 


Oscillator 1 - 1000 Hz, continuously variable 
3 . Oual Cha.nnel Oscilloscope with horizontal sweep channel 

?'J?JOS E : 

'•-ocedu-e is soecifically designed to verify linear system gains 
;*h“.-‘rZe conscan-.r, 'as they effect small signal frequency response .t..e^ ^ 
frec-Iencv response of the system v;hen all of its elements are opcratir.. . 

vithin their linear range) . 


t'-'e test eouipment to the. system under test as defined by 
the‘*functional diagram.. (Note, if a frequency response analyzer 
is used for this test, the scope should still be connected in 
erder to monitor wave shapes) . 

ivith the svstem ON in the STOP mode, adjust the amplitude of the j 
oscillator’ to a value as high as possible which does not saturate 
either the DOv;er amplifier or any preamplifier stage over tne 
.s >* 0 ^g 0 Qf 2. 1000 Hz (see note 1) • 

Obtain the frequency response data for all the frequencies in 
•^able I as well as at a sufficient number of other frequencies 
to clearly define all large gain or phase changes. At eacn 
£ j-0^-j0T^ oerform the following measurements i 


ci) 


Monitor tach cutout voltage and record its peak to peak ^ 
amplitude as well as its relative phase shift with rescecu -o 

the input voltage. 

To obtain a phase measurement using tlie. IIP-202A oscillator, 
ad’usc the reference output until the lis.sajous pattcr.n inai- 
cates a straight line slopiiuj from loft to right. Per-orm 
co-''*'‘cr.ion as reciuired to account tor 0*^360 
i fronuen’T range from .100 to 1000 ll'/. 

Take aaia sui:icionL to dellao the height ami widtli o. .... 

— i>v ■•-MTTNr.nn'rrrv; 

I (r,()i:u7.) 


1“- ITT.TMFIt'lHiritY 
(cu:vi*o‘u:k) 


.•Ar... 

Of 



LJ JNJ.AN'IJL 


SEHVO FREQUEMCY KESrONDK 


STP-K-272A 


At the conoletion of the frequency response qathering stage, 
perform the calculations requireJ by the data sheet and plot: 

a) F (cps) vrs. 20 log (Rate Measured/Ratc Command) 

b) F (cps) vrs. ^(Rate Measured/Ratc Command) 

on four decade semi log paper. Examine the plot to assure that 
sufficient data points were run to clearly define the resultant 
curve. Run additional points as required. 

5) Calculation & Plotting 

a) Output Ratio - Note that the output ratio to be plotted is 

a normalized function; that is, the ratio at all frequencies 
is to be divided by the ratio calculated at f *= 1 cps 

b) Phase Shift - Typically the phase shift between input and 
output will be approximately -180° at low frequencies and 
increase negatively as the frequency is increased. 

c) Ratio to Decibel conversion. The conversion from gain ratio 
to decibels can be easily accomplished by the use of 

I. The normalized gain ratio should be found on the X axis 
and the corresponding decibel value read off the Y axis. 

TOTS I t • 

■'-e amplitude at which this test is run is fairly critical if useable 
results are to be obtained. Too high a level results in sauurawion, 
too low a level causes the inherent system noise level to obscure i-he 
rsin/phase characteristics of the loop under test. 

convenience in data reduction, it is desirable to run the test at 
p'"cors*-^-'t input amplitude. For the reasons above it may not be 
Solsibi; A ^lie of'thmb is that the input is high enough so the out- 
z-\t is driven to at least lOX its inherent noise level. At certain 
this level cannot be achieved due to saturation or gain 
Loss'*due to linear bandwidth limitations, the input level musw be 
or raised to obtain a useful measurement. 

;-~.olitude adjustment may be required particularly when scanning tor 
mechanical resonances. 

Power bandwidth (ability of the system to produce a specific level of 
acceleration at specific frequencies) is tested in another test 
crocedure. 


T::sTi:i) iv: 


(GOVAV/.) 


; t Tfn-f?; fw ; d 1 i v 

(CUITVOMKR) 





v/n TOROUHR W V/m/Wp 

FRE- LOOP OUTPUT TAdif OUTPUT Qf. = l 

OUENCY INPUT VOLTAGE OUTPUT TO Normal- 

(HZ) (P“P (P-P (P-P INPUT ized . GAIN PHASE 

VOLTS VOLTS) VOLTS) RATIO RATIO (HD) SHIFT 
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COIITRAVi;S-COERZ 

INDUCTOSYN FINE POSITION ERROR 


COm^OIiATION 

TEST 

STP-E-2254 


INSTRUM»5NT: 

SHOP ORDER: 

CUSTOMER; 

AXES; 

SPECIFICATION; 


Ultradcx fi Polvqon 



TEST EQUIPMENT: 


1) Collimator with 0.1 arc second resolution. 

2) Ultradex with 1 degree resolution and an eight-sided calibrated 
irregular polygon. 


PROCEDURE ; 

Set up test equipment as shown above. Command axis to position indicated 
using the position cor.tmand system. 


POSITION COMMAND ULTRADEX 
NOMINAL* ' POSITION 

(450 STEPS) 


R/0 DISPLAY 


COLLIMATOR 


POSIT I ON 
R/0 CMD 


.0000 0 

.1250 45 

.2500 90 

.3700 135 

.5000 180 

.6250 225 

.7500 270 

.8750 315 

1.0000 


♦Actual positions determined from polygon calibration data. 


Mean = ~ ^ 

AV = Position - Mean 


<? - 

A. N 

u 

1 

arc seconds 



P-P error 

= Collimator Max. 

- Collimator Min. - 

arc seconds. 

DATli: 

TESTED BY; 

VaTNi:SSED )iY 

customi:r 

VJITNI’.SSED r.Y 
WERZ 

1 ‘AOCl 

or 








0 

0 

0 

0 

e 

1 

0 

0 

0 


TEST EnUIPflENT 

1) Tine Interval Counter H-P Model 523C or equivalent. 

2) Two channel Strip Chart Recorder HP Model 7700 or equivalent, 

PROCEDURE 


Connect the first channel of the ptrip chart recorder to the accelerome- 
ter. Connect the second channel to the buffered tach output. Obtain 
tach scale factor by running axis at 100®/sec in the digital mode and 
record the tach output. 

Set acceleration command to the command in Table 1, Run 'for amount of 
time called for in Table 1, Record the accelerometer output and the 
tach. Record the data on Table 1. 

For accelerations *of 15®/sec^ and less the Time Interval Counter can alsci 
be connected to the once per revolution zero pulse. A time measurement 
can be made of successive zero pulses when accelerating through 360®. 
Above 15 deg/sec^, use 1 degree pulses. Those may be predivided using 
a prescaler if available. 





ACC. TIME ACC. R/0 I ACCELEROMETER RIPPLE 

COMD SEC DISPLAY 


ACCELERATION ! 

COUNTER 

CALC (A) 1 SPECVSEC‘ j 

<15®/SSC* 



ANGULAR ACCELnilATION TEST STP-E-2256 



































































ACCELERATION 


TEST 


STP-E-2257 


INSTRUMENT: 

SHOP ORDER: — 

CUST0!-U:R: 

AXIS; - — 

SPECIFICATION; 


TEST equipment 

1) Two channel Strip Chart Recorder HP Model 7700 or equivalent 
2> Function Generator, Exact, Models 605 + 337 or equivalent. 


PROCEDUP^E 

Connect strip chart recorder to buffered tach output. 

Setup Function Generator for a laroe arplitude low frequency square 
wave output. Put axis in Rate Oscillation Mode. 

Record tach output on strip chart recorder and calculate acceleration 
from recorder plot. 



1 - - 1 ,. ■— ■■* 1 . 

COnTRAVES-GOKKZ 

CORPOKATIOM 

ACrHLERATION LIMITING TEST _ F-_’P-E- :?25 7. __ 

limit . RATE 7U4PLITUDE 

deg/sec' 

1 

MEASURED 4T (spec) ERROR 

rate cal. sec MEAS 

°/sec ! 1 


3 Innfer 

. 



10 Inner 

99. 

80 

8.0 

60 Inner 

99. 

80 

~ 1.3 

3 Middle 

99. 

80 

^' 26.1 

10 Middle 

99. 

80 

^ 8.0 

34 Middle 

99. 

80 

^ 1.3 

3 Outer 

50. 

40 

» 13.3 

10 Outer 

50. 

40 

» 4.0 

14 Outer 

. 

o 

in 

40 

^ 2.E 


DATj: 


TCSTED DY: 


VMTNr.EFKE n'' 


V’lTNEFPE!) 



*TTtTTrr~ < riiTcr-r.t- .rrr^ne-i^ 
F. o n G i I i \' i t y Tc; s t 





PURTjf)F^ 

This tost is to dotcrn’inc the position sensitivity of one axis to ratc^ 
and acceleration applicfl to another axis. It muy bo done v;itli tho test 
axis sorvood to doterr’ino the servood sensitivity or v/ith tJjo brakes 
applied to dcterr.ine brake sensdtivity . To deternino the sensitivities 
a method for controllina rate and acceleration must be available. 

TEST pAR/\vjr‘]’R P. d j:i’Ti:itto:': 

1. Define the method of monitoring the position movement and the rate 
m.onitoring points. 

2. Define the rate of the moving axis and the mode in which this is to 
be accomplished. 

3. Define the acceleration limit setting, if available. 

4. Specify the axis loading requirements. 

5. Specify the orientation of any other nonmoving axis. 

TEST EQUIPMENT 

Monitoring equipment (tv:o channel strip chart or oscilloscope) 

TEST PROCEDURE 

1. Prior to performing the actual test "the follov;ing steps should be 
performed: 

a. Determine the required position and rate monitoring 
points by referring to the applicable FTS. 

b. Ensure that the required rate from the FTS will not 
exceed anv rotational limits or rate limits of the 

IGINAL PAGE IS equipment. 

POOR QUALiry acceleration limit, if available, as defined 

in the FTS. 

d. Attach the specified test load as described in the FTS, 

2. Attach the monitoring equipm.ent to the position and rate test points 
depending on the axis and orientation being tested. Rate monitoring 
may require differential input. 

3. Determine the scale factors of the position and rate of test points. 

4. Set each axis at its test orientation. 

5. Do a step rate command as specified in the FTS. Record the position 
movement of the test axis and the rate of rotating axis. When tne 
required rate has been reached, cormand zero rate to stop the axis. 

6. Label each recording with the appropriate orientation, scale factors 
time base, and axis. 

7. Repeat Stops 1 through 6 for each axis orientation required in the 
FTS. 


1 3 

•* Of 




Ri:sui/rr' 


— TTHTT} rlnn /\cr.o i Jr .j l J air 
.Sensitivity Teat 


•f?e I Jr .J L J air ' " r 

' Teat 


X 


srp-i'^?.y.ho 


1, The dat.T 
• axis rate 


rocorrV.d should Ijc plot.'; of teat axi 
va. time. Tl;cy should lie a.s ahovin 


a po.aition 
below. 


c^nd inovinc 





R t.-( t 

ty 

/a ?: •’J 


V\t’-' = '‘1 


Te 




Tf, 


.J 

C V 


<»• -c 


.:f ^ c 

*•* 

1 I ^ Vn 



"r . f c 


: I- '■■ 




2 lAf.f 

or 



2 


In '/.onoK Iv V’nrovioh 1- tiru! l.hrouqh both accol oration ancJ rat 
arc: l.K'infT iipp3.j<'’d. Max.ipuiii Mpoc.i i i cation value r»uoL be* do torr. ir.c: 
at cjacli poi nt by clot'ornii ninp the rate at those points and accolerc! 
at these; point:.. Ficcausc tlic rate arul accc'lerati'’)n r.peci fica tier, 
a patini tude , position error pay occur anyv.O^ore betv.x'on curve 1 ar.c 


ACCURACY C CS bSIDK I CATION’S O'.i ’J’ilE P.RSULTR. 

The arnplituc'e r'ea.surinq instrur.ent and the point rnonitorrod directly 
affect the accuracy of the results. If an oscilloscope or a strip e'r.a 
is used, the accuracy ’ should bo better than 5% of the full scale reasu 
ment . 


The accelciration is calculated for a rate and a tips interval; the rc._ 
is assup‘'''*d constant over the? tipe interval. The paxiirwin? accej.crat*cn 
determined fron the plotted data, thus the ncc:uracy of the accelcrario 
is dependent on the accuracy of the msasuremonts . 



